Executive summary {#S0001}
=================

Diabetes is a common and serious chronic disease associated with premature death and multiple complications. Indigenous people in particular were among those with the highest rate of diabetes and complications, presumably driven by increasing age, changes in lifestyle and living conditions, and genetic susceptibility. Diabetes used to be a rare condition among Inuit in Greenland. However, a population survey from 1999 reported a very high prevalence of diabetes at 10%, and pre-diabetes at 20% among adult Greenlanders aged 35 years or above. The majority of persons (70%) observed with diabetes were not aware of their disease indicating a need for an increased focus on diabetes in Greenland. However, addressing diabetes in the geographically widely spread population of Greenland presents a huge challenge for the health-care system in Greenland.

In 2008, a national diabetes programme was initiated in Greenland. It aimed at increasing the detection of undiagnosed cases, improving care for patients with diabetes and promoting the awareness of diabetes. The programme was developed and adjusted based on health research within the health-care system. Thus, a new method was introduced including continual monitoring, analysis, and the adjustment of initiatives taken in diabetes care. However, it was not known, if it was feasible to use this method over longer time horizon in a country covering more than 2 million km^2^ where the population was sparsely located in isolated towns and settlements with small health care units often short of health care professionals and expertise.

 {#S0001-S2001}

The overall aim of this review was to summarise the results regarding the feasibility of monitoring an ongoing national diabetes care programme in the geographically dispersed population of Greenland.

From this work six hypotheses were formulated and comprised the purposes for the study: First, the majority of males and females in Greenland are in annual contact with the health care system in Greenland allowing a case-finding strategy to detect new cases of diabetes. Second, diagnostic activity regarding diabetes could be improved in Greenland from 2010 to 2015. Third, the prevalence of diagnosed diabetes could be monitored and increased from 2008 to 2017. Fourth, the quality of diabetes care could be monitored and improved from 2008 to 2017. Fifth, the prevalence of gestational diabetes mellitus (GDM) is increasing and testing effectiveness could be improved from 2008 to 2014. And sixth, the prevalence of microvascular complications among patients with type 2 diabetes is equal among Greenlanders and non-Greenlanders in Nuuk.

 {#S0001-S2002}

These hypotheses were tested using repeated cross-section register studies based on information found in the electronic medical record (EMR) used in Greenland. The diabetes programme and initiatives to improve care were gradually developed and adapted based on the information provided by the studies including organisation of diabetes care and screening for complications, diagnostic strategy, management of gestational diabetes, national guidelines, education of health care professionals, performance feedback, patient information in Greenlandic, promotion of awareness of diabetes and lifestyle factors, and the national registration of diabetes added to the data collection in the EMR.

 {#S0001-S2003}

After 10 years of observation, it was clear that the monitoring of an ongoing national diabetes care programme based on information from the EMR was feasible even in Greenland. More than 80% of the total population had been in contact with the primary health care system within one calendar year. Thus, opportunistic case-finding was a possible strategy in reducing the number of undetected cases of diabetes in Greenland, and was chosen in the new Greenlandic diabetes initiative.

Furthermore, in 2010, HbA1c was introduced as a supplementary diagnostic tool, and the two-year program of diagnostic activity regarding diabetes increased as a result, climbing from 15.6% in 2010--12 to 24.0% in 2014--15.

The prevalence of diagnosed diabetes was monitored continuously within the last decade. A threefold increase was measured in the number of patients. Prevalence increased with age and was higher among Greenlandic females than among Greenlandic males. The highest prevalence was observed among non-Greenlandic males. This was in contrast to observations from among most Indigenous populations in ex-colonial countries where the prevalence of diabetes among Indigenous people in general was reported to be 2 to 4 times higher than among the non-Indigenous populations. The comparison should, however, be evaluated with some caution, because the non-Greenlanders in Greenland may differ from other general populations.

The quality of diabetes care improved from 2008 to 2017, and was comparable to the level reported internationally. The actual quality of care in 2017, was lower than observed in 2010, shortly after the diabetes project was started emphasising the fact that continued focus was crucial in maintaining the level of quality achieved. Major organisational changes, including expanding the scope of the diabetes project with a new lifestyle initiative, the establishment of new regional primary care, and the use of a new EMR system proved challenging to the establishment of the diabetes initiative.

The prevalence of GDM in Greenland was relatively low, but showed a tendency to rise in level. Testing effectiveness improved significantly between 2008 and 2014. However, around a third of the Greenlandic women that should have been tested were not tested. Testing effectiveness was poorer outside Nuuk.

Microvascular complications were observed frequently among both Greenlanders and non-Greenlanders. However, Greenlanders had a much lower prevalence of retinopathy than non-Greenlanders and may thus be less prone to this complication.

The majority of the population in Greenland was in contact with the primary health care system and thus increased diagnostic activity, and opportunistic case-finding resulted in an increased prevalence of diagnosed diabetes. Despite the increased number of patients, the quality of diabetes care in Greenland was still improved from 2008 to 2017. Testing the effectiveness of gestational diabetes was improved, and a trend was observed towards increasing prevalence. Microvascular complications were observed frequently among patients with diabetes in Greenland with retinopathy as an exception among Greenlanders. However, room for improvements was identified too, and continued adjustment is necessary regarding the national strategy. Undetected diabetes prevalence remained high and alternative supplementary testing strategies must thus be considered including providing easier access to testing in settings outside the traditional health care system such as in the workplace and in leisure facilities, targeting of specific subgroups, and testing methods. Although improved since 2008, the quality of diabetes care in 2017, is still suboptimal. Monitoring of the quality of diabetes care in the new electronic medical record system should be further optimised including the registration of data and more sophisticated extraction features.

Testing for gestational diabetes also remained unacceptably low outside of Nuuk, and other testing strategies have to be considered.

 {#S0001-S2004}

In conclusion, the model introduced based on continued monitoring and adjustment of diabetes care in Greenland proved feasible and could thus be used to further improve diabetes care in the near future as well as to include the care for other chronic conditions found in Greenland under its unique conditions. In addition, this methodology may be helpful in other remote settings where diabetes care and chronic disease management are difficult.

Introduction {#S0002}
============

Diabetes is a common, serious, chronic disease caused by insufficient production of insulin, the ineffectiveness of the body to use insulin or a combination of both leading to elevated blood glucose \[[1](#CIT0001)--[3](#CIT0003)\]. The condition can lead to premature death and multiple complications. These are classified as either small vascular injury (microvascular disease) typically including retinopathy, nephropathy and neuropathy, or injury to the large blood vessels of the body (macrovascular disease), mainly atherosclerosis \[[3](#CIT0003)\]. Globally, diabetes is the most frequent cause of preventable adult blindness \[[4](#CIT0004)\] and chronic renal disease \[[5](#CIT0005)\]. Between 2000 and 2010 -- just one decade -- the number of people with diabetes has more than doubled in the world \[[6](#CIT0006),[7](#CIT0007)\]. An increasing proportion of diabetes afflicted patients live in low and middle-income countries \[[6](#CIT0006)\]. In industrialised countries, the highest prevalence of diabetes is observed among the socially and economically disadvantaged groups \[[6](#CIT0006)\]. Also, amongst Indigenous people, disproportionate high rates of diabetes and complications have been reported as a global phenomenon \[[8](#CIT0008)\]. Among Inuit in Greenland, diabetes used to be a rare condition \[[9](#CIT0009)\]. However, in the beginning of this century a population survey indicated that diabetes had become frequent among adult Greenlanders. Surveys showed that around 10% of adults aged 35 years or older were affected. In addition, another 20% had pre-diabetes, a condition associated with increased risk of developing diabetes \[[10](#CIT0010)\]. The majority (70%) of persons observed with diabetes in the survey were themselves not aware of their condition, and thus the author recommended increased awareness of diabetes in Greenland \[[10](#CIT0010)\]. However, addressing diabetes in the geographically widely spread population of Greenland represents a huge challenge for the health care system in Greenland.

In 2008, a national diabetes programme was initiated, aiming to improve the detection of undiagnosed cases, improve care for patients with diabetes and promote awareness of diabetes. Short-term evaluation of the project was evaluated in my Ph.D. thesis titled Diabetes in Greenland, in 2011 \[[9](#CIT0009)\]. The prevalence of diagnosed diabetes and the quality of diabetes care improved in the observation period between 2008 and 2010. In 2011, the diabetes programme was replaced by a lifestyle initiative. However, the methods introduced in the diabetes program were maintained including continued monitoring, analysis, and adjustment of initiatives taken in the diabetes care. Health research within the health care system was thus used as an essential tool and was performed in close interaction with the strategies and actions taken to optimise diabetes management. This method was new in Greenland, and no long-term observations had been performed. Especially, it was unknown if it was feasible to use this method including health research, continued monitoring, analysis, and adjustment of initiatives with a longer time perspective in a country covering more than 2 million square kilometres, sparsely populated with isolated towns and settlements each with small health care units often lacking health care professionals with expertise.

The overall aim of this review was to summarise the results regarding the feasibility of the monitoring of an ongoing national diabetes care programme in the geographically dispersed population of Greenland. The review comprises a background section with special focus on diabetes among Indigenous people, especially Inuit, including prevalence, gestational diabetes, and complications related to diabetes and diabetes care based on the available literature. This part closes with an introduction to the new diabetes initiative, followed by the hypotheses and aims of the present survey. The methods used are explained and evaluated in the next section. Thereafter, the results are presented, discussed and related to the existing studies and knowledge in the field. Conclusions and a summary finish the review.

Background {#S0003}
==========

Greenland: geography, population, history and health care {#S0003-S2001}
---------------------------------------------------------

Greenland is part of the arctic region and covers an area of 2.16 million km^2^ and is thereby considered to be the largest island in the world. Around 80% of the island is covered with permanent ice, and it is only populated along the estimated 4,000 km of coastline. The 56,000 inhabitants live in 16 towns and approximately 60 smaller settlements \[[11](#CIT0011),[12](#CIT0012)\]. Nuuk is the capital, located on the west coast and is by far the largest town with almost a third (17,000) of the national population living there. Around 15% of the population lives in smaller settlements. Towns and settlements are isolated from one another and transportation possibilities include plane, helicopter, boat, snowmobile, and dog sledges, their use depending on season and locality \[[13](#CIT0013)\]. Around 90% of the population was born in Greenland whereas 10% are immigrants, mainly Danes. In Nuuk, around 20% of the population was born outside Greenland \[[11](#CIT0011)\]. Greenlanders are of Inuit origin \[[13](#CIT0013)\], a people indigenous to the circumpolar region in the northern hemisphere. Inuit share a common past and are related geographically, historically and culturally. Thus, Inuit is a genetically distinct Indigenous population that has survived in the Arctic under extreme physical conditions. Outside of Greenland, Inuit live in the United States of America (Alaska), Canada, and Russia \[[14](#CIT0014)\]. The people of different waves of immigrations of Paleo-Eskimos from Canada settled in Greenland for periods and include the Independence I culture (North and Northeast Greenland) and the Saqqaq culture (West and South Greenland) from around 2500 BC, the Independence II culture (North and Northeast Greenland) and the Dorset culture (West and South Greenland) around 800 BC, and the Later Dorset culture around 800 AD \[[15](#CIT0015)\]. The Later Dorset culture settled in North Greenland and lived there for around 500 years before they disappeared \[[15](#CIT0015)\]. The Inuit (former called Neo-Eskimos) arrived from Alaska through Canada around 1200 AD and settled in North Greenland \[[15](#CIT0015)\]. Also, Vikings from North Europe populated West and South Greenland from around 985 AD to 1450 AD. A recent genetic study has indicated that the Greenlandic Inuit ancestry was consistent with a single immigration wave (the Neo-Eskimoes 1200 AD) settling the island from north to west to south to east \[[15](#CIT0015)\]. Furthermore, it was documented that the Inuit genome was unique, but also, that more than 80% of present Greenlanders had some degree of European ancestry. Several European expeditions to Greenland have been described \[[15](#CIT0015)\]. In 1636, Denmark unsuccessfully attempted to claim sovereignty of the sea around Greenland \[[16](#CIT0016)--[18](#CIT0018)\]. Whalers from England, Holland and other European countries were also in contact with the Inuit population in Greenland. In 1721, the Norwegian priest and missionary Hans Egede, came to Greenland and founded Godthaab (present day Nuuk) \[[17](#CIT0017),[18](#CIT0018)\] and Greenland was gradually colonised and Christianised by missionaries primarily from Denmark. "Den Kongelige Grønlandske Handel" (The Royal Trade of Greenland) was established in 1774; trade in Greenland was monopolised by Denmark until 1950. During the 18^th^ century, the population of Greenland increased from around 6,000 to around 11,000 and new strategies to supplement food supplies from hunting were initiated including sheep breeding and fishery. However, the development and changes developed relatively slowly until the end of the Second World War. In 1953, Greenland was internationally accepted by the court in The Hague (Den Haag) as being a part of Denmark, which changed its status to a Danish protectorate \[[18](#CIT0018)\]. A new strategy was initiated for the development of modern fishery in Greenland. Infrastructure was established including educational institutions and health care. Fish factories and apartment blocks were constructed in the towns, and the percentage of the population living in towns increased rapidly as did the population size. The rapid development was accomplished largely by experts and guest workers, coming mainly from Denmark \[[18](#CIT0018)\]. Thus, almost 20% of the population of Greenland were immigrants in the 1970s. This rapid socio-cultural change in Greenland has been parallelled by an epidemiological transition characterised by a reduction in some infectious diseases, a higher life expectancy, and an increased prevalence of psychosocial health problems including suicides, domestic violence, alcohol and tobacco abuse, sexually transmitted diseases and abortions \[[19](#CIT0019)--[22](#CIT0022)\]. Similar health-related effects were observed globally among many other Ingenious people affected by rapid sociocultural transitions and colonialisation \[[23](#CIT0023)--[25](#CIT0025)\]. Also, lifestyle-related illnesses have increased including cardiovascular diseases, obesity, physical inactivity and diabetes \[[10](#CIT0010),[19](#CIT0019),[21](#CIT0021)\]. Addressing these developing chronic diseases in the geographically widely spread population of Greenland represents a huge challenge for the health care system in Greenland.

To sum up, Greenland, the largest island in the world, is sparsely populated in isolated towns and settlements located along the coastline. A third of the population lives in the capital, Nuuk. The majority of the population is genetically of Inuit origin -- Indigenous people of the Arctic -- with a unique history and culture of surviving in the extreme arctic environment. For centuries, Greenland has been closely connected to Denmark. Since World War II, within only a few generations, the society and living conditions have changed dramatically in Greenland. Similarly, the health and disease patterns among Greenlanders changed rapidly. The unique geography remains a special challenge to providing health care services in Greenland.

Health problems among indigenous people in a global perspective {#S0003-S2002}
---------------------------------------------------------------

Indigenous peoples account for around 5% of the world population. More than 370 million Indigenous people live in more than 70 countries \[[26](#CIT0026)\]. According to WHO, the definition of *Indigenous people* can include peoples who: identify themselves and are recognised and accepted by their community as indigenous; demonstrate historical continuity with pre-colonial and/or pre-settler societies; have strong links to territories and surrounding natural resources; have distinct social, economic or political systems; maintain distinct languages, cultures and beliefs; form non-dominant groups of society; resolve to maintain and reproduce their ancestral environments and systems as distinctive peoples and communities \[[26](#CIT0026)\].

In general, the health of Indigenous people is worse than in the general population \[[23](#CIT0023)--[25](#CIT0025),[27](#CIT0027)\]. This is also the case with diabetes \[[23](#CIT0023),[24](#CIT0024)\].

Prevalence of diabetes among indigenous people {#S0003-S2003}
----------------------------------------------

The International Diabetes Federation has estimated that 425 million adults, aged 20--79, lived with diabetes in 2017, corresponding to a global prevalence of 8.8% \[[28](#CIT0028)\]. The number was expected to rise to 645 million by 2045 \[[28](#CIT0028)\]. About 79% of all cases lived in low and middle-income countries \[[28](#CIT0028)\]. At least one-third of the increase was expected to be a consequence of population growth and advanced age \[[28](#CIT0028)\]. T2D was the most common form and accounted for around 90% of all diabetes cases. The prevalence was slightly higher for men (9.1%) than for women (8.4%) and increased with age. The highest prevalence, almost 20% for both women and men, was observed in the age group from 65 to 79. Regionally, the highest age-adjusted prevalence was found in North America and the Caribbean (11%), followed by the Middle East and North Africa (10.8%), South East Asian (10.1%), the Western Pacific (8.6%), South and Central America (7.6%), Europa (6.8%) and Africa (4.4%).

Still, around 50% of all cases were undiagnosed (212 million cases in 2017). The highest proportion of undiagnosed diabetes, 76.5%, was found in low-income countries compared to 52.5% in middle-income countries and 37.3% in high-income countries \[[28](#CIT0028)\]. Globally, the prevalence of diabetes among many Indigenous populations was reported as extraordinarily high \[[27](#CIT0027)\].

Despite great variations in histories and cultures, the consequences of rapid changes in nutrition and exercise seems to have the same escalating effect on the prevalence of diabetes in Indigenous populations \[[29](#CIT0029)\]. The magnitude may be determined by genetic susceptibility \[[29](#CIT0029)\]. Within the last 40 to 50 years, the prevalence of diabetes among many Indigenous groups around the world have been documented to have risen rapidly \[[27](#CIT0027)\]. The Pima Indian community in Arizona, USA, experienced a rapid increase in the diabetes prevalence, around 42%, within a 10-year period as early as 1967--77 and, since 1980, around 50% of adults aged 35 years or above were affected \[[27](#CIT0027),[30](#CIT0030),[31](#CIT0031)\]. These observations were followed by a dramatic increase among American Indians and Alaskan Natives in all USA. Even among youth below 35 years old, around 9.3% were affected in 1998, an increase of 46% within 10 years \[[32](#CIT0032)\]. In Canada, in the Sioux Lookout zone, and in Saskatchewan, the prevalence almost doubled from the early 1980s to early 1990s \[[27](#CIT0027)\]. Today, among First Nations in Canada, around 40--50% of individuals aged 60 or above live with diabetes compared to 20--25% among non-First Nations peoples \[[32](#CIT0032)\].

The trend of disproportional high diabetes rates among Indigenous people compared to the general populations was observed globally. Indigenous populations of the Pacific Island were among those with the highest rate of diabetes in the world \[[27](#CIT0027)\]. Among Aboriginals and Torres Strait Islanders -- 2% of the population in Australia -- around 39% of adults aged 55 or above live with diabetes \[[33](#CIT0033)\], five to six times higher than in the general population \[[27](#CIT0027)\]. Maori, Indigenous people of New Zealand, accounting for approximately 15% of population and living in rural areas, have a four times higher rate of diabetes than non-Maori people, 10.7% versus 2.4%, in the age group 20--64 \[[33](#CIT0033)\]. A lower prevalence, 3.7%, was observed among urban Maori \[[34](#CIT0034)\]. In Samoa and within three decades, the prevalence of diabetes among adults aged 25 to 64 rose from around 2% to almost 20% along with an increasing prevalence of obesity, now affecting more than 50% of males and 75% of females \[[35](#CIT0035)\]. However, within the global trend of higher prevalence of diabetes, variations exist among Indigenous peoples. The disproportionately high prevalence of diabetes among Indigenous people was mainly observed in settings where life conditions had changed rapidly forced by colonialism or other external forces \[[27](#CIT0027),[29](#CIT0029)\]. In contrast, in areas where the Indigenous populations have maintained traditional lifestyles the prevalence of diabetes has been reported lower \[[27](#CIT0027)\]. Thus, the prevalence of diabetes is 2 to 5 times lower among Oregan Asli of Malaysia and Chilean Aymara and Mapuche than in their corresponding general populations \[[27](#CIT0027)\].

In addition to classical health determinants such as income, education, employment, living conditions, social support, and access to health services as listed in the 1986 Ottawa Charter for Health Promotion, a range of cultural factors have to also be included in the understanding \[[24](#CIT0024)\]. Along with racism, various Indigenous-specific factors, such as loss of language and connection to the land, environmental deprivation, and spiritual, emotional, and mental disconnectedness may influence health too \[[24](#CIT0024)\]. The increase must be understood in a complex perspective including biological, environmental, and lifestyle changes that have occurred during the last five to six decades \[[27](#CIT0027)\]. Both organisational and economic risk factors may contribute to the explanation, i.e. health care systems and poverty, and individual factors such as age, family history, gender and genetics \[[27](#CIT0027)\].

In conclusion, within a few decades the prevalence of diabetes has increased dramatically around the globe. Indigenous populations are among those affected most. Increasing age, rapid change in living conditions and lifestyle, socio-economically factors, and genetic susceptibility to diabetes may be main drivers.

### Prevalence of diabetes among inuit in Greenland {#S0003-S2003-S3001}

Historically, diabetes was a rare condition in Greenland \[[9](#CIT0009)\]. Only sporadic cases were observed in the beginning of the 19^th^ century. The first case was reported in South Greenland in 1910 \[[36](#CIT0036)\]. As late as 1940, obesity was not observed among Inuit while few cases were reported among immigrants \[[36](#CIT0036)\]. The prevalence of diabetes in Greenland has been evaluated in four population surveys listed in [Table 1](#T0001) \[[10](#CIT0010),[21](#CIT0021),[37](#CIT0037),[38](#CIT0038)\] and one register study \[[39](#CIT0039)\]. 10.1080/22423982.2019.1709257-T0001Table 1.Population surveys estimating the prevalence of diabetes in Greenland.Study (reference)YearDiagnostic test\
CriteriaParticipants\
Age Group\
NDiabetes\
NPrevalenceProportion UndiagnosedSagild U et al. \[[37](#CIT0037)\]1962--64Urine dip-stick (OGTT if positive urine)4,249\
Age 3+30.07%100%Jørgensen ME et al. \[[10](#CIT0010)\]1999OGTT\
WHO 1999894\
Age 35+879.7%70%Jørgensen ME et al. \[[44](#CIT0044)\]2005--10OGTT\
WHO 19993,089\
Age 18+NA.6%-9%79%Dahl-Petersen IK et al. \[[21](#CIT0021)\]2014HbA1c\
ADA 2010537\
Age 18+366.7%40%[^1]

The first population study was performed in 1962 as a population survey combined with a register study \[[37](#CIT0037)\]. A total of 4,384 individuals (1,187 age 30 or above) corresponding to 14% of the total population of Greenland or 7% of the Inuit in the world were included. Of those, 4,249 individuals age 3 or above were screened for diabetes. Urinary glucose 2 hours after a meal was used as the screening test, followed by an oral glucose tolerance test (OGTT) in each case of positive urine screen tests. Among 24 persons with positive urine tests, three cases were categorised with possible diabetes corresponding to a prevalence of 0.07% \[[37](#CIT0037)\]. An additional study was made of diagnosed diabetes based on surveys of medical records from all health care districts in Greenland. Only 10 cases of diabetes were identified, corresponding to a prevalence of diagnosed diabetes of less than 0.001% among the entire population in Greenland (34.312) in 1962, or approximately 0.001% of adults aged 20--79 (assuming 50% of the population in Greenland was adults as gleaned from the observed figures later in the 1970s). Of those 10 cases, three were siblings of mixed Danish-Greenlandic origin \[[37](#CIT0037)\]. The next study of diabetes in Greenland, a register study, was published 24 years later in 1980 \[[39](#CIT0039),[40](#CIT0040)\]. The incidence of diagnosed diabetes in the Upernavik district in Northwest Greenland was studied based on a review of medical records from 1950 to 1974 \[[39](#CIT0039)\]. Only one case of diabetes was observed in that time period. The expected number of cases at that time was nine according to corresponding incidence in Europe \[[39](#CIT0039)\].

The second population survey of diabetes was performed in 1999, and included 917 Greenlanders. Of those, 894 were tested for diabetes using an oral glucose tolerance test \[[10](#CIT0010)\]. A high prevalence of diabetes among Greenlanders was reported. Thus, the age-standardised prevalence of diabetes was 10.8% among females and 9.4% among males. Of those tested 70% were undiagnosed and unaware of their condition. In addition, a very high age-standardised prevalence of impaired glucose tolerance was reported: 14.1% among females and 9.4% among males \[[10](#CIT0010)\]. A similarly high prevalence was observed among Greenlanders living in Denmark \[[41](#CIT0041)\]. The high proportion (70%) of undiagnosed cases in Greenland was higher than the 50% level observed globally at that time \[[42](#CIT0042)\].

Based on the results from the population survey in Greenland, the authors concluded that the prevalence of diabetes was high among the Inuit of Greenland. Heredity was a major factor, while obesity and diet were important environmental factors. The high proportion of unknown cases highlighted a need for increased awareness of diabetes in Greenland \[[10](#CIT0010)\].

A high prevalence of diabetes, 6--9%, among adult Greenlanders, was confirmed in the third population survey performed from 2005 to 2011 in Greenland \[[43](#CIT0043),[44](#CIT0044)\]. Again, the diagnosis was based on an oral glucose tolerance test. Furthermore, the prevalence of diabetes was higher in settlements (9%) and smaller towns (8%) when compared to larger towns (6%) in Greenland \[[38](#CIT0038),[45](#CIT0045)\].

The most recent -- and fourth population survey -- performed in 2014 reported a lower prevalence of diabetes at 6.7% based on measurements of glycosylated haemoglobin (HbA1c t) and not OGTT. Of those, 40% was not diagnosed \[[21](#CIT0021)\]. Thus, the prevalence of diabetes in the four studies cannot be compared directly due to the different screening methods used.

Today, a urine dip stick is not acceptable as a screening tool for diabetes. The first study also included a register study, and it seems fair to assume that the prevalence of diabetes has increased dramatically from 1960 to 2000. The differences observed in the prevalence of diabetes in the most recent and fourth study compared to the second study from 1999 and the third study from 2005 to 2010 most likely reflect the different diagnostic tests used rather than a real difference in prevalence. The two methods, HbA1c and OGTT, categorise different individuals with diabetes \[[46](#CIT0046),[47](#CIT0047)\]. This difference has also been documented among Greenlandic Inuit \[[48](#CIT0048)\].

Type 2 diabetes was the predominant form of diabetes observed whereas the prevalence of autoimmune diabetes has been reported to be at low levels \[[49](#CIT0049)\]. In addition to the increasing age of the population, increasing prevalence of overweight and obesity observed within the last three decades has been considered to be a main driver of the increasing prevalence of diabetes \[[21](#CIT0021),[43](#CIT0043)\]. Physical activity has also decreased within the last few decades and may contribute to the increase of diabetes among Greenlanders \[[50](#CIT0050),[51](#CIT0051)\]. Furthermore, the change in diet from a traditional diet high in marine protein and fat towards increased consumption of imported food high in carbohydrates has been investigated. Surprisingly, intake of traditional diet was associated with increased risk of diabetes \[[52](#CIT0052)\]. Mercury, which was found in high concentrations in marine mammals and accumulates in liver, kidney, brain, and other organs in humans consuming them \[[53](#CIT0053),[54](#CIT0054)\], was weakly associated with diabetes \[[55](#CIT0055)\]. On the other hand, no association was found between glucose intolerance and dietary exposure to persistent organic pollutants among Greenlanders \[[56](#CIT0056)\]. Finally, vitamin D, which also was found in rich amounts in the traditional diet \[[57](#CIT0057),[58](#CIT0058)\], was not associated with diabetes \[[59](#CIT0059)\]. Among the most remarkable recent observations was the identification of a new genetic mutation (p.Arg684T in TBC1D4) present in 17% of contemporary Greenlanders \[[60](#CIT0060)\]. The mutation was associated with severely decreased insulin-stimulated glucose uptake in muscle and postprandial hyperglycaemia in homozygote carriers \[[60](#CIT0060)\]. In contrast, the mutation was not associated with increasing fasting glucose. Also, interestingly, the level of HbA1c was negatively associated with the mutation \[[60](#CIT0060)\]. The same effects were observed among heterozygote carriers of the mutation, but to a lesser degree than among homozygote carriers. Follow-up analyses of skeletal muscle biopsies showed lower muscle protein levels of the glucose transporter called GLUT4 among carriers of the mutation \[[60](#CIT0060)\]. Thus, a population-specific subtype of diabetes seems to exist among Greenlandic Inuit explaining 15% of the diabetes cases observed in the aforementioned population surveys \[[60](#CIT0060)\].

In conclusion, it is plausible that the prevalence of diabetes among Greenlandic Inuit can be inferred to have increased between 1962 and 2000, despite the different methods applied. The main contributing factors were considered to be increasing age in the general population, increasing overweight, and decreasing physical activity. A genetic susceptibility to a subtype of diabetes also seemed to play an important role.

### Prevalence of diabetes among inuit outside Greenland {#S0003-S2003-S3002}

Inuit are a group of Indigenous people living in Greenland, Canada, USA and Russia \[[14](#CIT0014)\]. Inuit are connected historically, culturally and genetically and have survived in the extreme Arctic climate for generations \[[14](#CIT0014)\]. In addition to the Greenlanders, subgroups exist in different geographical locations and are also referred to as Inuvialuit (Mackenzie Delta), Inupiat (Northern Alaska) and Yupik (Central and South-West Alaska in USA and Chukotka in Russia) \[[14](#CIT0014)\].

Similar to the circumstances of the Greenlandic Inuit, diabetes used to be a rare condition among the Inuit in Alaska affecting less than 0.2% of adults 60 years ago \[[61](#CIT0061)--[63](#CIT0063)\]. These first observations were based on OGTT. Diabetes was hardly ever observed among full blooded Inuit in Canada in 1950s \[[64](#CIT0064)\]. In 1968, the prevalence of diabetes among Canadian Inuit was also reported to be comparatively low. Among 13,000 Inuit, a review was performed of the 15 cases of diagnosed diabetes. The diagnosis was only correct in two cases and the prevalence was considered to be quite low \[[65](#CIT0065)\]. In contrast, glycosuria was observed quite frequently. Among 3,716 Canadian Inuit tested, 4.7% had glycosuria -- 10.7% among the Caribou Inuit (former called Eskimoes) of the Central Arctic and 2.4% coastal Eastern Arctic Inuit \[[65](#CIT0065)\].

In the beginning of the 1980s, the prevalence was still reported as being low (0.4%) among Inuit in Quebec, based on a survey using random glucose measurement \[[66](#CIT0066)\]. At the same time, no cases of diabetes were observed in a population survey using OGGT among Inuit in Chukotka in Russia \[[67](#CIT0067)\].

In 1987, a population survey performed among Inuit and other Native Americans in Alaska, demonstrated that diabetes prevalence among Inuit had increased to 4.7% of adults aged 40 or above although much lower than the prevalence of 10% reported among the Athabascan Natives \[[68](#CIT0068)\]. Within the next decade, it became clear that diabetes had become a health problem among Inuit in Alaska. Population surveys performed in 1992 and 1994 among Alaskan Natives based on OGTT demonstrated a high prevalence of diabetes among Siberian Yupik Inuit at around 9% of the adults aged 40 or above. In addition, 12% had impaired glucose tolerance \[[69](#CIT0069)\]. The prevalence among Siberian Yupik was higher than among Inupiat (3.7%) and Central Yupik (2.8%) \[[70](#CIT0070)\]. The prevalence of diabetes among Inuit living along the northwest coast of Alaska, mainly Inupiat, was estimated to be between 2000 and 2004. Based on OGTT, the prevalence of diabetes and impaired fasting glucose among adults at or above 18 years old was reported to be 6.9% and 15.6%, respectively \[[71](#CIT0071)\].

Still, the prevalence of diagnosed diabetes among Inuit reported in register studies, naturally, remained much lower than reported in the population surveys. Obviously, undiagnosed diabetes, which can account for as much as 50% of all diabetes cases, is not portrayed in the registers. Furthermore, not all patients diagnosed may be registered. On the other hand, population surveys reporting diabetes prevalence based on one test, and not followed by a confirmatory test may tend to overestimate the prevalence \[[9](#CIT0009)\]. In addition, people at risk of diabetes may be more interested in participating in the surveys. A possible overrepresentation of those who are interested cannot be excluded and the prevalence of diabetes could thereby be overestimated.

A circumpolar study performed in 1992 reported age-adjusted prevalence of diabetes among Inuit in Alaska Canada and Russia. The highest prevalence was observed in Alaska, 0.79% compared to 0.36% in North West Territories in Canada, and 0.018% in Chukotka, Russia \[[72](#CIT0072)\]. A rapid rise in the prevalence of diagnosed diabetes has been observed in Alaska corresponding with the introduction of The Alaska Native Diabetes Programme in 1985 \[[73](#CIT0073)--[75](#CIT0075)\]. An increase of an alarming 231% in the prevalence of diagnosed diabetes among Alaskan Natives was observed from 1985 to 2006 \[[75](#CIT0075)\]. The increase was highest among Inuit, for whom the prevalence rose from 2.0% to 3.4% \[[75](#CIT0075)\]. Also in Canada, the prevalence of diagnosed diabetes more than doubled at that time (from 1987 to 1997), and rose from 1.2% to 2.6% among the First Nations populations \[[76](#CIT0076)\]. The highest prevalence was observed in the most southerly regions among those with the most contact to western lifestyle \[[76](#CIT0076)\]. In addition, a trend towards earlier age onset was observed to be related to the increasing prevalence of diabetes \[[77](#CIT0077)\]. Also, the prevalence of diabetes escalated among Native Americans and Native Alaskans particularly among young people below 35 years. The total number increased by 46% from 4,534 to 7,736 within few years (1990--1998), corresponding to a prevalence of 9.3% in 1998 \[[62](#CIT0062)\].

To sum up, the high prevalence of diabetes, mainly undiagnosed, among Inuit in Greenland around 2000, seemed much in line with observations made among the Alaskan Inuit a decade earlier. However, the prevalence varies among subgroups, probably reflecting different degrees of western influence on lifestyle. Greenland may be temporarily behind the Alaska Inuit in adapting western lifestyle. However, like in Alaska, an increasing prevalence of diabetes and complications related to diabetes may be expected to occur in Greenland in the near future.

Gestational diabetes among indigenous people {#S0003-S2004}
--------------------------------------------

In a global perspective the prevalence of gestational diabetes mellitus (GDM) has been reported to be higher among Indigenous versus non-Indigenous women \[[78](#CIT0078)--[82](#CIT0082)\]. GDM is defined as hyperglycaemia diagnosed during pregnancy \[[83](#CIT0083)\]. More than 50 years ago it was hypothesised (The *Pedersen Hypotheses* named after the Danish obstetrician Jorgen Pedersen) that foetal overgrowth among patients with T1D was a result of maternal hyperglycaemia and increased trans placental transfer of glucose, stimulating foetal insulin production and thereby foetal growth \[[84](#CIT0084)\]. Although debated recently, this pathogenic pathway has been used in the understanding of GDM for decades \[[84](#CIT0084)\]. GDM is a serious condition associated with short and long-term complications for both mother and child \[[85](#CIT0085)--[87](#CIT0087)\]. Increased risk of adverse outcome has been documented, including preeclampsia, caesarean delivery, shoulder dystocia, macrosomia, stillbirth, neonatal hyperglycaemia, and hyperbilirubinemia \[[85](#CIT0085)--[87](#CIT0087)\]. In addition, GDM was a very strong predictor of later development of T2D. It is observed that around 50% of all mothers diagnosed with GDM develop diabetes later in life GDM \[[78](#CIT0078),[88](#CIT0088),[89](#CIT0089)\]. This risk was even higher among Indigenous people \[[90](#CIT0090)\]. In a study from Australia among Indigenous and non-Indigenous women with former GDM, progression to T2D within 8 years was observed four times more frequently among Indigenous women than among non-Indigenous women \[[81](#CIT0081)\]. Furthermore, the offspring of mothers with GDM has an increased risk of developing overweight and diabetes early in life \[[89](#CIT0089),[91](#CIT0091)--[93](#CIT0093)\]. Generation after generation the risk of overweight and diabetes may be exacerbated, leading to hyperglycaemia in future pregnancies. This vicious cycle may play an important role in the growing incidence of T2D observed among Indigenous people worldwide \[[27](#CIT0027),[94](#CIT0094)\].

Treatment of GDM including lifestyle interventions such as healthy eating, physical activity, self-monitoring of blood glucose concentration, and in some cases the administration of blood glucose lowering drugs has been reported to reduce the risk of some of the short-term outcomes such as shoulder dystocia, foetal overgrowth, caesarean delivery, and hypertensive disorders \[[95](#CIT0095)--[97](#CIT0097)\]. In addition, treatment was widely reported to be harmless, including treatment with insulin and oral anti-diabetic pharmacological therapies \[[97](#CIT0097),[98](#CIT0098)\]. However, evidence of the positive effects on long-term maternal and neonatal outcomes remained poorly evaluated \[[98](#CIT0098)\]. It was thus important to identify and treat women with GDM to prevent adverse outcomes \[[95](#CIT0095),[96](#CIT0096)\]. However, the condition most often presents itself without symptoms and can only be diagnosed using an OGTT \[[83](#CIT0083),[99](#CIT0099)--[101](#CIT0101)\]. No worldwide consensus yet exists concerning testing strategy and cut-off values \[[99](#CIT0099)\]. Testing may be either universal including all pregnant women or selective risk-factor-based testing \[[99](#CIT0099)\]. Established risk factors of developing GDM are maternal age, pre-pregnancy overweight, number of previous births, and a history of diabetes in the family or a history of GDM, stillbirth or giving birth to an infant large for gestational age in earlier pregnancies \[[102](#CIT0102)--[105](#CIT0105)\]. Also, excessive weight gain during pregnancy increased the risk of developing GDM \[[28](#CIT0028),[106](#CIT0106)\].

Ethnicity was also reported as an independent-risk factor for developing GDM \[[94](#CIT0094),[102](#CIT0102),[107](#CIT0107),[108](#CIT0108)\]. In the USA, Indigenous people, Asians, Hispanics, and African-Americans showed an increased risk of developing GDM compared to non-Hispanic whites \[[109](#CIT0109)\]. In Australia and New Zealand, the highest prevalence was observed among Indigenous people, aboriginals in Australia and Maori and Pacific Islanders in New Zealand \[[79](#CIT0079),[109](#CIT0109)--[111](#CIT0111)\]. Also in Europe higher prevalence of GDM has been documented among ethnic minorities from Africa and Asia, with people from India having the highest risk \[[112](#CIT0112),[113](#CIT0113)\].

Maternal origin or place of birth played also a role for the risk of GDM. In Australia, higher risk was observed among mothers born in India or China compared to mothers born in Europe or Africa \[[114](#CIT0114)\]. Increased risk of GDM was also observed among mothers in the USA who were born outside the USA and among Black people, Asian Indians, Filipinos, Pacific Islanders, Chinese, Mexicans and non-Hispanic white women \[[108](#CIT0108)\]. In contrast, lower risk was observed among Japanese and Korean foreign-born mothers \[[108](#CIT0108)\]. Globally, the prevalence of GDM has increased within the last two to three decades from 10% to 100% in many different ethnic groups and countries \[[94](#CIT0094),[99](#CIT0099),[109](#CIT0109)\].

Comparing the prevalence of gestational diabetes around the world was been complicated due to lack of universally accepted diagnostic criteria, a factor that also influences the management of GDM \[[99](#CIT0099)\]. In addition, selective risk-factor-based screening compared to universal screening of all pregnant women clearly underestimated the prevalence of GDM as well. Changing diagnostic criteria among Aboriginals in Australia from selective to universal screening resulted in a 40% increase in the prevalence of diagnosed GDM \[[115](#CIT0115)\]. Screening effectiveness may also have influenced the prevalence estimated and have caused selection bias. A recent study from New Zealand, demonstrated a relative low screening rate at 63% of pregnant mothers \[[116](#CIT0116)\], lower (56%) among Maori mothers than among European mothers (76%) \[[116](#CIT0116)\]. A considerable variation has thus been reported in GDM prevalence around the globe.

A comprehensive review of diabetes among Indigenous people including 42 peer review studies reported a higher prevalence of GDM among Indigenous people compared to non-Indigenous people in most studies (65% of them) \[[117](#CIT0117)\]. The prevalence reported was highest among Canadian Aboriginals (11.5%), followed by Australian Aboriginals (8.4%), the Pacific Islanders (8.1%), Native Americans (7.9%), as compared with the 2--5% levels found either in this study worldwide \[[117](#CIT0117)\], or in the other global estimates of prevalence at around 5--7% \[[99](#CIT0099)\]. Recent estimates from Europe indicated a prevalence of GDM of around 2--6%. The prevalence was mostly reported to be less than 4% in the Northern or Atlantic seaboard parts of Europe, while a prevalence above 6% dominated in South and Mediterranean seaboard regions \[[99](#CIT0099)\]. In Denmark, the prevalence of GDM almost doubled among mothers aged 35--49 within less than a decade from 2.9% in 2004 to 4.7% in 2012 \[[113](#CIT0113)\]. A study from the USA including more than 200,000 deliveries in the period 1995--2004 estimated the prevalence of GDM in different ethnic groups \[[108](#CIT0108)\]. The lowest age-adjusted prevalence of GDM was observed among non-Hispanic white women (4.2%), followed by African Americans (4.4%), Hispanics (5.4%) and Japanese (5.5%), Koreans (6.7%), Mexicans (7.1%), Pacific Islanders (7.2%), Chinese (7.9%) and was highest among Southeast Asians (8.8%), Filipinos (9.6%) and Asian Indians (11.1%) \[[108](#CIT0108)\].

While GDM has not been investigated among Greenlanders before, the prevalence of GDM has been reported as early as in 1988, to be high among Yupik Inuit. Based on OGTT, the prevalence was estimated to be 6.7%, which was twice the rate in the USA in the late 1980s, despite the fact that the Inuit had a lower prevalence of diagnosed diabetes at that time \[[68](#CIT0068)\]. The authors concluded that undiagnosed diabetes and impaired fasting glucose could be a severe problem among Inuit due to severe lifestyle changes taken place within the last 30 years \[[118](#CIT0118)\]. In Canada, a somewhat lower prevalence of diagnosed gestational diabetes, 28 per 1000 live births, was observed \[[72](#CIT0072)\].

To sum up, GDM is a serious condition associated with both short and long-term complications for mother and child. The prevalence has increased globally within the last two to three decades and may influence the prevalence of diabetes in offspring, the coming generations. Indigenous people and other minorities are at particularly high risk of developing GDM. Diagnosing GDM is important because proper management can reduce adverse outcomes. Until now, no studies on GDM among Greenlanders have been performed.

Prevalence of diabetes-related complications among indigenous people {#S0003-S2005}
--------------------------------------------------------------------

The rising prevalence of diabetes has inevitably led to an increase in diabetes-related complications among Indigenous people \[[27](#CIT0027)\]. In general, diabetes complications are separated into macrovascular disease, including coronary artery disease, peripheral arterial disease and stroke, and microvascular disease including diabetic nephropathy, neuropathy and retinopathy \[[3](#CIT0003)\]. In addition, diabetes is associated with several comorbidities and increased risk of death due to liver cancer and other liver disease, renal disease, and infection, falls, mental disorders, and self-inflicted harm \[[119](#CIT0119)\]. Many complications to diabetes including retinopathy, microalbuminuria, end-stage renal disease, lower limb amputations, cardiovascular disease, and mortality were observed more frequently among Indigenous people in general and among other minorities compared to the population at large (see the next sections) \[[8](#CIT0008)\].

### Retinopathy {#S0003-S2005-S3001}

Within the two decades from 1990 to 2010, retinopathy due to diabetes increased dramatically (27%) and diabetic retinopathy is now the leading cause of preventable adult blindness and the fifth most common cause (only surpassed by cataract, uncorrected refractive error, macular degeneration, and glaucoma) of global blindness and impaired vision \[[4](#CIT0004),[120](#CIT0120),[121](#CIT0121)\]. In 2010, 0.8 million people were blinded (2.6% of all blindness in the world) due to diabetes \[[120](#CIT0120)\]. The proportion of blindness due to diabetic retinopathy was lowest (1.1%) in East Asia. Higher levels were observed in high-income regions with older populations as in Europe (3.7--4.2), and North America (3.9%), Australia (4.2%), and in Southern Latin America (5.5%) \[[120](#CIT0120)\]. The prevalence of signs of retinopathy and vision-threating retinopathy among patients with diabetes has been estimated to be 34.6% and 10.2%, respectively, based on 35 publications which included around 20,000 patients \[[122](#CIT0122)\]. Regional diabetes shows variations from 5% to more than 40% as have been described around the world \[[8](#CIT0008),[123](#CIT0123),[124](#CIT0124)\]. In the USA, the prevalence of retinopathy among all patients with T2D has been reported to be around 40% among non-Hispanic white people \[[124](#CIT0124)\]. Prevalence among different minorities and Indigenous people varies. Higher prevalence, around 50%, was observed among African Americans and Hispanics \[[124](#CIT0124),[125](#CIT0125)\], while lower prevalence was observed among Oneida Indians (9%). In Canada, a prevalence of around 40% was observed for both native and non-native Canadians \[[126](#CIT0126)\]. A similar prevalence of retinopathy around 40% has been reported in most European countries. However, a much lower prevalence, around 5%, has been reported in Denmark, Finland, the Netherlands and rural France \[[124](#CIT0124)\]. Higher prevalence was reported among Asians in England compared to the general population \[[125](#CIT0125)\]. In Australia and South East Asia, the prevalence has been reported around 35% \[[124](#CIT0124)\], similar to that in Europe. Around the same level of retinopathy has been reported for Australian aboriginals and non-aboriginals regarding any form of retinopathy. However, almost a third of Aboriginals with retinopathy had vision-threatening retinopathy \[[127](#CIT0127)\]. Thus, the proportion of Australian Aboriginals with vision impairment was estimated to be 11.2% compared to the 6.5% level among the general population \[[128](#CIT0128)\]. Likewise, no ethnic difference in the prevalence of any retinopathy was observed in New Zealand, whereas vision-threatening retinopathy was observed more frequently among Pacific Islanders (15.8%) and the Maori (12.9%) compared to people of European origin (12.9%) \[[124](#CIT0124)\]. Thus, one may conclude that in addition to established risk factors for retinopathy such as duration and severity of hyperglycaemia, hypertension and hyperlipidaemia, ethnicity has can be considered to be and is reported as risk factors as well \[[8](#CIT0008),[123](#CIT0123),[124](#CIT0124),[129](#CIT0129)\].

### Neuropathy {#S0003-S2005-S3002}

Peripheral neuropathy is a common complication related to diabetes. It may be asymptomatic. Symptoms can be classified as negative, including loss of sensation and loss of strength, or positive, including pricking sensation or pain \[[130](#CIT0130),[131](#CIT0131)\]. The prevalence of neuropathy has been reported at around 8% among newly diagnosed patients to above 50% for patients with the long-standing disease \[[132](#CIT0132)\]. Despite great variations in the prevalence of neuropathy around the world, ethnicity has not been established as a contributing risk factor \[[125](#CIT0125),[129](#CIT0129)\]. Prevalence has been reported as being high for some Indigenous populations like the Australian Aboriginals (41.2%) \[[133](#CIT0133)\], Sandy Lake First Nations (46.3%) \[[134](#CIT0134)\], Navajo (28.4%) \[[135](#CIT0135)\], and low among others as, for example the Oneida (16.0%) \[[136](#CIT0136)\], First Nations and Metis in Manitoba (12%) \[[53](#CIT0053),[137](#CIT0137)\], and among the James Bay Cree (9.6%) \[[138](#CIT0138)\]. However, the comparisons should be taken with clear reservations due to differences in the methods used in the different studies and the age distribution, including the duration of diabetes of participants.

### Microalbuminuria {#S0003-S2005-S3003}

The global prevalence of microalbuminuria among T2D patients has been estimated to be around 39% based on a large cross-sectional study including 32,208 patients from 33 countries \[[125](#CIT0125)\]. The highest prevalence (55%) was observed among south Asians and Hispanics. An even higher prevalence has been observed among some Indigenous groups. Prevalence of microalbuminuria among different groups has been summarised by Naqshbandi et al. in a comprehensive review \[[8](#CIT0008)\]. The highest prevalence was reported for Zuni in America (62%), followed by The Torres Strait Islanders in Australia (54.2%), First Nations in Canada (44.0%), Cherokee (41%), Pima and Tohono O'odham (36.5%), Maori (30.7%), Pacific Islanders of New Zealand (22.5%), and Oneida (8.0%) \[[8](#CIT0008)\]. Other risk factors of microalbuminuria include the severity of HbA1c, systolic blood pressure, retinopathy, duration of diabetes, kidney function, body weight and smoking \[[139](#CIT0139)\].

### End-stage renal disease {#S0003-S2005-S3004}

Diabetes has been reported to be the biggest risk factor for developing end-stage renal disease accounting for around a third of all cases \[[140](#CIT0140)\]. The incidence of end-stage renal disease due to diabetic nephropathy disease varies across the globe. The lowest incidence, 17 per 100,000 patients per year, was reported among the Basque in Spain 2003 \[[141](#CIT0141)\]. In 2010, the rate was reported to be 60 per 100,000 patients per year in Spain compared to 200 in the general USA population \[[141](#CIT0141),[142](#CIT0142)\]. A much higher rate, 558 per 100,000 patients per year, was reported among Native Americans in 2001 \[[143](#CIT0143)\]. Also, among African Americans (327.7 per 100,000 patients per year in 2006) and Hispanic (254.3 in 2006), higher rates were observed when compared to white people in the USA in 2006 \[[141](#CIT0141)\]. Higher rates have also been observed among Indigenous populations compared to their non-Indigenous counterpart outside the USA. The incidence of end-stage renal disease among Aboriginal people in Canada was many times higher than among non-Aboriginals, 560 versus 240 per 100,000 patient per year in 1990 \[[141](#CIT0141),[144](#CIT0144)\]. Also, among Pacific Islanders (330 per 100,000 patient per year) and the Maori (470) compared to the level of 30 of diabetes found in the general population of New Zealand \[[145](#CIT0145)\]. Other risk factors associated with increased risk of developing diabetic end-stage renal disease include T1D, male gender, age, duration of diabetes, blood pressure, HbA1c, and any history of atherosclerosis \[[140](#CIT0140)\]

### Lower extremity amputations {#S0003-S2005-S3005}

Diabetes has been associated with an increased risk of lower extremity amputation. Globally, the rates of major amputation ranged from 5.6 to 600 per 100,000 in the population with diabetes, and from 3.6 to 68.4 per 100,000 in the total population \[[146](#CIT0146)\]. For all lower extremity amputations, the figures were 46.1 to 9,600 per 100,000 among patients with diabetes compared with 5.8--31 per 100,000 in the total population \[[146](#CIT0146)\]. The variations could partly be explained by varying ethnicity and levels of social deprivation. However, diabetes and complications to diabetes were the most important risk factors \[[146](#CIT0146)\]. In the USA, the lower extremity amputation rates among Native Americans varied among different tribes ranging from 30 to 170 per 100,000 patient per year compared to 5.8 per 100,000 in the general diabetes population in 1990 \[[8](#CIT0008),[142](#CIT0142)\]. Very high rates were reported among Canadian Aboriginals (360 per 100,000 patient years) whereas lower rates have been observed among the Maori and Pacific Islanders, 28 and 10 per 100,000 patient per year, respectively, \[[8](#CIT0008)\].

### Cardiovascular disease {#S0003-S2005-S3006}

Cardiovascular disease including angina, myocardial infarction, stroke, peripheral artery disease, and congestive heart failure has been reported as common and to be the cause of the death of around 50% of patients with T2D \[[147](#CIT0147)\]. The risk of cardiovascular disease increased with age, smoking, abnormal blood lipids and hypertension \[[147](#CIT0147)\].

Globally, the prevalence of the cardiovascular disease has been estimated to be 32.2% of patients with T2D with a mean duration of 10.4 years \[[148](#CIT0148)\]. However, higher prevalences have been reported among different Indigenous populations including Australian Aboriginals affecting (47.7%), Native Americans (34.7%), Indigenous people of Canada (34%), Pacific Islanders (36.0%), and the Maori (34.0%) and in New Zealand \[[8](#CIT0008),[133](#CIT0133),[135](#CIT0135),[149](#CIT0149)\].

### Mortality {#S0003-S2005-S3007}

Mortality due to diabetes was generally reported to be higher among Indigenous people. Among Native Americans and Indigenous people in Canada, mortality rates at 36.2 and 19.5 per 100,000 inhabitants have been observed compared to 16.7 and 13.3 per 100,000 in their respective general populations \[[150](#CIT0150)\]. The highest mortality rate reported was among the Australian Aboriginals at 85.4 per 100,000 compared to 8.7 per 100,000 in the general population of Australia \[[150](#CIT0150)\].

The reasons for the higher diabetes mortality and morbidity among Indigenous populations with diabetes are complex. Genetic susceptibility may be a part of the explanation \[[29](#CIT0029)\]. Also, earlier onset, intergenerational risk associated with GDM, greater severity of disease and reduced access to health care are among the important factors \[[27](#CIT0027)\]. Poverty and harsh living conditions among Indigenous people, including limited food supply in earlier times, may have also played a role too. The thrifty phenotype hypothesis, as proposed by Hales and Barker, suggested an association between poor foetal and infant growth and the subsequent development of T2D as an effect of poor nutrition in early life, which again produced permanent changes including a reduced capacity for insulin secretion and insulin resistance \[[151](#CIT0151)\]. In combination with changing lifestyle conditions towards more westernised food and sedentary lifestyle, the risk of obesity and diabetes may have been aggravated \[[151](#CIT0151)\].

In general, Indigenous people have increased risk factors related to general health determinants \[[27](#CIT0027)\]. The prevalence of smokers among patients with diabetes in many Indigenous population in Canada, Alaska, Australia, and New Zealand was around 40%, three to four times higher than among patients with diabetes in the general population \[[27](#CIT0027)\]. Initiatives to improve diabetes and chronic disease care and management in Indigenous populations within the primary health care system have been recently proposed \[[27](#CIT0027)\].

### Reduced rates of complications in some high-income countries {#S0003-S2005-S3008}

In high-income countries such as in USA, Canada, Australia and some countries in Europe and Asia, the mortality and rates of complications including myocardial infarction, stroke and lower extremity amputation have been reduced within the last two decades \[[142](#CIT0142)\]. Reduction in diabetes complications has been driven by improvements in lessening different risk factors including control of blood pressure, blood lipids, smoking and hyperglycaemia. In addition, earlier diagnosis, better delivery of preventive care, self-management, and the organisation of diabetes care have all played a role \[[142](#CIT0142)\]. Between 1990 and 2010, in the USA, the incidence of myocardial infarction declined by 68% (from 141 to 45 per 10,000 people with diabetes per year) and the incidence of stroke declined by 53% (from 112 to 53 per 10,000 patients per year) \[[142](#CIT0142)\]. Also in the USA, a reduction was observed in the rate of lower extremity amputation by 52% (from 58 to 28 per 10,000 patients per year) and rate of end-stage renal disease by 29% (from 28 to 20 per 10,000 patients per year) \[[142](#CIT0142)\]. Smoking rates among patients with diabetes were reduced from 41% in the early 1970s to 17% at around 1992. The proportion of patients with blood pressure below 130/85 mmHg, HbA1c below 53 mmol/mol (7.0%) and LDL cholesterol below 2.5 mmol/l was increased from 10% to 20% from 1999 to 2010 \[[142](#CIT0142)\].

### Prevalence of complications among the Inuit {#S0003-S2005-S3009}

In Greenland, only one study has evaluated the prevalence of complications of diabetes among Greenlanders. Sixty-eight per cent of Greenlandic patients suffered from at least one complication. Neuropathy was observed among 51% of the patients followed by microalbuminuria (43%), retinopathy (14%), and macrovascular complication (10%) \[[152](#CIT0152)\]. In addition, 90% of the patients were overweight or obese and 43% were current smokers \[[152](#CIT0152)\]. However, only 81 Greenlanders were included in the study and the results have to be confirmed in a larger study.

In a study among Alaskan Natives diagnosed with diabetes, the Inuit had a lower prevalence of death due to ischaemic heart disease (2.6/1,000 patient per year in the time period 2002--2006) compared to Aleut people (3.73/1,000) and Native Americans (4.2/1,000) \[[75](#CIT0075)\]. On the other hand, Inuit had a higher risk of cerebrovascular complications (2.2/1,000) compared to Aleut people (1.75/1,000) and Native Americans (1.45/1,000) \[[75](#CIT0075)\]. Both mortality and complication rates decreased among Alaskans in the period 1985--2006. In the beginning, the overall amputation rate for all Native Alaskans was 6/1,000 patient per year, lowest among Inuit (3/1,000 person year). In 2006, the amputation rate was reduced to 2.6/1,000 patient per year. Also, renal replacement was reduced from 3.3 to 1.2/1,000 persons per year. Mortally rates were reduced from 41.7 to 33.2/1,000 patients per year \[[75](#CIT0075)\]. The rates were lower than observed in the USA at that time, but the small number of patients, shorter time of duration of diabetes, earlier mortality and low frequency of renal replacement therapy complicated the comparison \[[75](#CIT0075)\]. Eight (31%) out of 21 patients with end-stage renal failure died without renal replacement in the beginning of the 1990s \[[153](#CIT0153)\]. The reduction in mortality and complications may be a result of the Alaska Native Diabetes Programme initiated in 1994 and further described in the next section \[[75](#CIT0075)\].

To sum up, microvascular complications including retinopathy, microalbuminuria, and neuropathy were frequently observed among Indigenous people around the globe. Ethnicity seemed to be an independent risk factor for retinopathy and microalbuminuria whereas this was not the case with neuropathy. Thus, great variation was observed in the prevalence of complications among different Indigenous and ethnic groups. In Alaska, the prevalence of ischaemic heart disease was lower among Inuit with diabetes compared to Aleuts and Indians with diabetes, while Inuit had higher rates of cerebrovascular disease. In general, the prevalence of both microvascular and macrovascular complications and even mortality among Indigenous people was disproportionately high compared to the non-Indigenous populations due to complex factors. In some high-income countries, and also among Alaskan Natives, the rates of complications have been reduced within the last few decades, driven by improvements in different risk factors, earlier diagnosis and diabetes care.

Diabetes care among indigenous people {#S0003-S2006}
-------------------------------------

Diabetes can have a major impact on the health and quality of life of the individuals affected \[[154](#CIT0154)\]. In addition to increased risk of premature death and diabetes-related complications, diabetes has a negative impact on social and psychological well-being \[[154](#CIT0154)\]. However, controlling HbA1c, blood pressure and LDL cholesterol can reduce complications related to diabetes \[[155](#CIT0155)--[157](#CIT0157)\], which underscores the need for high-quality diabetes care. However, diabetes care is complex reflecting the many aspects of the disease. Consequently, measuring the quality of diabetes care remains challenging \[[155](#CIT0155),[158](#CIT0158)\].

Within the last two decades several sets of quality indicators have been developed in different settings around the world in order to measure and benchmark diabetes care within healthcare systems, at locations including the Centre for Medicare and Medicaid, the National Committee on Quality Assurance, the American Diabetes Association, and the National Diabetes Quality improvement Alliance in USA, the European Union Diabetes Indicator Project in Europe, and the National Heath Priority area in Australia, to mention a few \[[155](#CIT0155),[159](#CIT0159)--[161](#CIT0161)\]. These quality indictors captured different elements of diabetes care. However, due to the diversity in the indicators both between and within countries, it has been difficult to compare diabetes health care globally \[[161](#CIT0161)\]. In 2006, a selection of indicators was published to measure the quality of diabetes care using health care systems in OECD countries \[[162](#CIT0162)\]. Four process indicators were selected including a proportion of patients with diabetes tested annually for HbA1, LDL cholesterol, nephropathy and retinopathy. Furthermore, two proximal outcome indicators including control of HbA1c (most recently HbA1c measured below 53 mmol/mol or \<7%), and LDL control (most recently LDL measured below 3.5 mmol/l) were chosen. Finally, three new distal outcome indicators were proposed, i.e. rate of major amputations, rate of end-stage renal disease, and cardiovascular mortality. The indicators were selected based on three core elements proposed by the US Institute of Medicine including relevance, scientific soundness, and feasibility \[[160](#CIT0160),[162](#CIT0162)\]. Credible evidence was thus required, linking process measures to important clinical outcomes, and requiring modifiability of the clinical outcome measures. Furthermore, the task of collecting accurate and reliable data at a reasonable cost was crucial. Finally, variability across health care settings was essential, thereby providing an opportunity to learn from and be inspired by other health care systems regarding ways to improve diabetes care \[[162](#CIT0162),[163](#CIT0163)\].

The implementation of diabetes care programmes has been associated with improved diabetes care in many settings even when using different combinations of quality of diabetes care indicators, feedback to clinicians, public reporting and financial incitements \[[155](#CIT0155)\]. However, many programs tend to change specific aspects of diabetes care, which have been measured and or paid for, but not necessarily applying the change to all aspects of diabetes care \[[155](#CIT0155)\]. Diabetes indicators cannot be used uncritically to measure quality diabetes care. Additional indicators may be needed that are not only dichotomised as good or bad (fx.HbA1c below 53mmol/mol or not) but also provide the opportunity to capture relevant clinical actions. Thus, for example prescribing angiotensin-converting-enzyme inhibitors in the case of microalbuminuria, and avoiding harmful treatment outcomes (for example the rate of hypoglycaemia) may be considered and developed in the future \[[155](#CIT0155)\]. Some of these indicators are already used in some settings as found in the national indicator project in Denmark \[[164](#CIT0164)\]. Several efforts have been made to evolve instruments to measure patients' reported outcomes including auditing of Diabetes-Dependent Quality of Life, Diabetes Health Profile, Diabetes Impact Measurement Scale, Questionnaire on Stress in Diabetes-Patients, and several others \[[154](#CIT0154)\]. With the increasing use of EMR and standardised recording -- including possibilities to glean laboratory data linked to patients with diabetes -- more effective measurements will probably arise in the near future including patients' reported outcomes \[[155](#CIT0155)\].

Obviously, around the world diabetes management and quality of diabetes care vary considerably \[[165](#CIT0165)\]. The OECD indicators have been used to compare the performance of diabetes care in the USA, Canada, Australia, New Zealand and UK \[[161](#CIT0161)\]. Although diabetes care has improved in the USA within the last decades \[[142](#CIT0142),[156](#CIT0156)\], the quality of care was still suboptimal. Annual HbA1c and LDL cholesterol testing were performed on 70--80% of patients in the USA and the UK \[[161](#CIT0161)\]. For New Zealand and Australia, the figures were 50--60% \[[161](#CIT0161)\]. Furthermore, even within countries, great variation has been reported in diabetes care. A study performed in the UK documented that lower quality of diabetes care was associated with conditions of deprivation and to foreign ethnicity \[[165](#CIT0165)\]. Also, among Indigenous people, Native Americans and Alaskan Natives in the USA, and the Maori and Pacific Islanders in New Zealand, diabetes care has been reported to be poorer than in the general population \[[27](#CIT0027),[161](#CIT0161)\]. Geographical disparities have been reported in diabetes care within countries showing lower-quality care in rural and remote settings compared to urban areas \[[166](#CIT0166)--[168](#CIT0168)\].

Improving diabetes care in remote areas has been reported to be a special challenge and the quality initiatives have to be designed to the specific setting \[[169](#CIT0169)\]. A comprehensive review has been recently published evaluating different strategies to improve diabetes care in remote areas \[[166](#CIT0166)\]. Nine overall intervention strategies were identified including three which target the patients themselves (patient education, promotion of self-diabetes management, reminder systems), two targeting health care providers (feedback on performance and education), and four targeting the health care system (case management, team changes, electronic patient registers, and facilitated dissemination of information to clinicians). The majority of interventions (50%) were single strategy quality initiatives. Of these interventions, 80% included patient education. Several initiatives were associated with better diabetes care. However, the highest improvement in diabetes care was associated with the use of multiple strategies. It was concluded that efforts to improve diabetes care in rural communities should focus on interventions with multiple strategies targeting clinicians and health care systems, rather than on traditional patient-oriented interventions \[[166](#CIT0166)\].

This conclusion is much in line with recommendations from the American Diabetes Association \[[156](#CIT0156)\]. Four recommendations were published including (1) a patient-centred communication style that incorporates patients' preferences, assesses literacy and numeracy, and addresses the requirement that cultural barriers should be addressed, (2) treatment decisions should be made timely and based on evidence-based guidelines that are tailored to individual patient preferences, prognosis and comorbidities, (3) care should be aligned with the component of the Chronic Care model to ensure productive interactions between prepared proactive practice team and an informed activated patient, and (4) when feasible, care systems should support team-based support tools to meet patient needs.

### Diabetes care among Inuit {#S0003-S2006-S3001}

Among Inuit, the special diabetes programme from Alaska represented an example of a multifaceted intervention strategy targeting the organisational aspects of diabetes care, health care professionals, and patients.

Initially, the Indian Health Service was responsible for diabetes care. However, the special diabetes programme was initiated in 1994 and fully implemented in 1999 \[[73](#CIT0073)--[75](#CIT0075)\]. The programme included a strengthening of health care infrastructure, national guidelines, training of local health care professionals, a central register allowing follow-up on patients, and performance feedback \[[73](#CIT0073)\]. Both processes of care and proximal diabetes outcomes were improved from 1994 to 2006 \[[74](#CIT0074)\]. In Canada, a 5-year national strategy, Canadian Diabetes Strategy (CDS) was launched in 1999 to address the increasing prevalence of diabetes. The Aboriginal Diabetes Initiative was one of the four elements in the strategy. The other three were Prevention and Promotion of Diabetes, National Diabetes Surveillance System and National Coordination \[[170](#CIT0170)\]. The Aboriginal Diabetes Initiative focused on workforce training and capacity building among diabetes prevention workers and health-care providers who managed diabetes with Aboriginals \[[170](#CIT0170)\]. Also, the development of national diabetes guidelines, healthy food promotion programs targeting families, schools and other institutions, increased access to the screening of diabetes and its complications, the Screening for Limb, Eye, Cardiovascular and Kidney Project (SLICK), mobile units (SLICK Vans) equipped with necessary laboratory and ophthalmological equipment were all founded by the initiative \[[170](#CIT0170)\]. Also in Canada, a better control of hypertension was obtained by a programme among the Indigenous population living in remote areas \[[161](#CIT0161)--[163](#CIT0163)\]. This initiative was based on home care blood pressure monitoring by nurses in cooperation with primary care physicians. Among Inuit in Greenland, efforts were taken to improve diabetes care including the use of a quality database in 2006 in two towns: Nuuk and Aasiaat \[[171](#CIT0171)\]. However, because we did not perform any evaluations before the new diabetes initiative was taken, details will be described in the next sections.

To summarise, high-quality diabetes care is highly important in reducing the burden of diabetes-related morbidity. Globally, diabetes care remains suboptimal in many settings. Disparities in diabetes care are related to deprived areas, ethnic minorities, Indigenous people, and other isolated populations. Measuring the quality of diabetes care is complex and still not optimal. Improving diabetes care in remote settings is highly challenging and several strategies have to be combined. Increased use of EMR may be an important step on the way towards better monitoring and the delivering of high-quality diabetes care. Increased diabetes care among Inuit and Native Americans in Alaska was the result of a multifaceted diabetes initiative.

Health care system in Greenland {#S0003-S2007}
-------------------------------

In 1992, the Home rule Government of Greenland took over responsibility for the health care system in Greenland from Denmark. Thus, the health care system today is a publicly financed governmental responsibility \[[13](#CIT0013)\]. Health care service including dental health care and prescribed medicine is delivered free of charge. The health care system aims at delivering equal health care service to every citizen in Greenland regardless of the place of residence \[[13](#CIT0013)\]. This was an overwhelming challenge in a sparsely populated nation covering more than 2 million square metres with many individuals living in remote sites. In addition the extreme weather conditions in arctic Greenland contribute to making the population even more isolated because transportation is not always possible. Limited economic resources in combination with an increased demand for specialised, advanced treatment presented fundamental challenges \[[13](#CIT0013)\]. The economic burden imposed by around-the-clock service in several remote health sites, and unique requirements like expensive airplane evacuations of patients with need of specialised care, referrals to advanced treatment abroad, and difficulties in recruiting and retaining health care professionals all provided profound challenges \[[13](#CIT0013)\]. Also, cultural and linguistic barriers exist between local patients and recruited short-term health care professionals from outside Greenland. This was a special challenge for chronic conditions that need continued medical care and service. While acute medical conditions may be obvious and handled by the health care system, the real risk of paying less attention to delivering long term, continued and preventive health care existed as well.

Fundamental changes in society, living conditions, and lifestyle, and the accompanying changes in disease patterns and epidemiology have raised the need for new solutions. Focusing on the advantages and resources within the existing health care system has been fundamental for decades.

The health care system is one united health care system. In comparison with other national health care systems, it was relatively small and has traditionally been flexible and adaptable to new challenges. The incidence of tuberculosis was reduced from around 2,000 per 100,000 inhabitants after World War II to less than 100 hundred per 100,000 inhabitants in the 1970s partly due to changed living conditions and partly due to a national strategy within the health care system \[[172](#CIT0172)\]. Also, a dramatic decrease of venereal diseases was observed from 1970s to the beginning of the 1990s \[[173](#CIT0173)\]. Prenatal screening programmes for Greenlandic specific mutations related to severe diseases like cholestasis-familiaris-groenlandica and propionic-acids-anaemia have been implemented -- the only place in the world to have done so. Also, the inclusion of hepatitis B immunisation in the general child vaccine programme in 2010, as a consequence of the endemic prevalence of hepatitis B among Greenlanders reflected the adaptability of the health care system \[[174](#CIT0174)\]. As a consequence of the small population, the absolute number of patients was also limited, increasing the possibility of providing high-quality health care for all. The health care system in Greenland has been in the forefront with the implementation of digital solutions. Some primary health care sites have used electronically medical records (EMR) since the mid-1990s. In 2007, the same EMR (Æskulap®) was implemented in all primary health care sites all over Greenland. Only dental care and secondary care were not digitalised \[[9](#CIT0009)\]. Also, the X-ray (chilli web®) system and the laboratory system (BBC lab®) were fully implemented by the year 2007. Since 2013, a new mutual EMR including all parts of the health care system has been under implementation in the secondary health care system, and since 2015, is gradually replacing the former EMR used in the primary health care system. It had thus replaced the former EMR in Nuuk by March 2015. During the end of 2016 and the first half of 2017, the EMR was fully implemented in the rest of Greenland except for parts of East and North Greenland (in the cities of Tasiilaq and Upernavik) where limited internet capacity limited its use. Also, telemedicine has been used for decades in Greenland, which has gradually adapted to new technological options \[[175](#CIT0175)--[177](#CIT0177)\].

In brief, the public health care system is publicly financed and free of charge for the inhabitants of Greenland. Severe challenges existed in delivering high-quality health care to the geographically dispersed population. Limited economical resources and difficulties in recruiting and retaining health care professionals were important issues too. The health care system strived to address these challenges. New solutions and technical options were continuously considered and adapted in a flexible manner.

### Organisation of health care {#S0003-S2007-S3001}

Primary health care is provided in all towns and settlements in Greenland. In 2011, 16 local medical districts managed by a chief district physician were merged into larger geographical regions \[[178](#CIT0178)\]. Today the health care system in Greenland is divided into five health care regions ([Figure 1](#F0001)). Each region consisted of a number of towns and settlements. A regional health care centre was located in the largest towns of the region (in Nuuk, Sisimiut, Ilulissat, Qaqortoq and Aasiaat) while local, regional health care centres existed in all other towns \[[178](#CIT0178)\] ([Figure 1](#F0001)). Depending on the number of inhabitants and degree of geographical isolation, the regional and local health care clinics were staffed with physicians, nurses, midwives and other health care workers. In addition to primary health care, some secondary health care and inpatient care took place at the regional and local clinics. Smaller health stations (58 in total) in settlements are staffed with a nurse or a health care worker depending on the number of inhabitants in the settlement were the smallest health care units in Greenland are found \[[178](#CIT0178)\]. 10.1080/22423982.2019.1709257-F0001Figure 1.Five health care regions in Greenland and towns with local health care clinics.

Specialised and secondary health care was offered at Queen Ingrid Hospital located in Nuuk or by travelling specialist coming from Nuuk or Denmark \[[13](#CIT0013),[178](#CIT0178)\]. Three main departments -- including internal medicine, psychiatry, and surgery -- offered specialised health care within most areas for all patients in Greenland. In addition, the only central laboratory, department of radiology, and intensive care units are located at Queen Ingrid´s Hospital.

Patients in need of advanced treatment not available in Greenland were offered treatment in hospitals in Copenhagen, Denmark.

The basic treatment and follow-up of patients with diabetes are a responsibility of the local health care clinics and stations. After referral from the local physician, they might be seen by travellinga specialist in internal medicine, orthopaedics, or ophthalmology. Screening for gestational diabetes was a risk factor-based and part of prenatal care. Prenatal care for pregnant women in Nuuk, including the first prenatal care visit, was performed by midwives working at Queen Ingrid's Hospital. Outside of Nuuk, prenatal care was performed by midwives in some larger towns. In settlements and towns without midwives, prenatal care was performed by other healthcare professionals, by visiting midwives or by facilitating the pregnant women to be able to visit towns with midwives \[[179](#CIT0179)\]. Pregnant women at risk of complications were referred to Nuuk for delivery while the remaining births took place in the local clinics in the larger towns.

To sum up, primary health care is delivered by five regional health care centres, 11 local clinics, and 58 health care stations. Secondary health care is delivered by Queen Ingrid's Hospital in Nuuk, and by travelling specialist from the hospital or from Denmark. Some advanced treatments are delivered to patients at hospitals in Denmark.

A new diabetes initiative {#S0003-S2008}
-------------------------

In order to address the lack of awareness regarding diabetes in Greenland, a mutual pilot project between the primary health care clinics in Nuuk and Aasiaat focusing on the quality of diabetes care was initiated in November 2006. The diabetes care was monitored using an electronic database and a number of selected process indicators. However, in 2007, before any evaluation had taken place a large donation with no conditions attached was received from Novo Nordisk A/S, and earmarked to the health care system in Greenland in order to increase awareness of diabetes in Greenland. In February 2008, a three year diabetes project was initiated aiming to improve detection of undiagnosed cases, improving care for patients with diabetes and promoting awareness of diabetes.

The prevalence of diagnosed diabetes and the quality of diabetes care improved in the observation period between 2008 and 2010. In 2011, the diabetes program was replaced by a lifestyle initiative. However, the methods introduced in the diabetes program were maintained including continued monitoring, analysis, and adjustment of initiatives taken in the diabetes care. Health research within the health care system was thus used as an essential tool, which performed in close interaction with the strategies and actions taken to optimise diabetes management. This method was new in Greenland, where no long-term observations had been performed. Especially, it was unknown if it was feasible to use this method including health research, continued monitoring, analysis, and adjustment of initiatives given the geographically dispersed population of Greenland. Would it be possible to monitor and to increase the diagnostic activity of diabetes in a health care system facing such severe challenges, which also included a lack of permanently employed health care professionals? Could the prevalence of diabetes and quality of care be monitored and would increase diagnostic activity affect the prevalence? Furthermore, gestational diabetes and the management including testing effectiveness were unexplored. Would knowledge about prevalence and testing effectiveness change management of gestational diabetes in Greenland? Also, the prevalence of microvascular complications among Greenlanders had only been sparsely evaluated. Ethnicity may influence the prevalence of some complications. Thus Greenlanders may have a different tendency to develop microvascular complications than non-Greenlanders after receiving the same quality of care for diabetes.

Hypotheses and aims {#S0004}
===================

The overall hypothesis here states that monitoring of an ongoing national diabetes care programme in the geographically dispersed population of Greenland is feasible.

*The specific hypotheses are that the*: majority of males and females in Greenland are in annual contact with the health care system in Greenland allowing a case-finding strategy to detect new cases of diabetesdiagnostic activities related to diabetes could be improved in Greenland from 2010 to 2015prevalence of diagnosed diabetes can be monitored and increased during the period from 2008 to 2017quality of diabetes care could be monitored and improved from 2008 to 2017prevalence of GDM is increasing and testing effectiveness could be improved from 2008 to 2014prevalence of microvascular complications among patients with type 2 diabetes are equal among Greenlanders and non-Greenlanders in Nuuk

The overall aim of this thesis is to report the monitoring of an ongoing national diabetes care programme in Greenland.

The specific objectives were to estimate and compare the contact with the health care system in Greenland among males and females in different age groups in 2010--2011diagnostic activity between 2010--12 and between 2014--15prevalence of diagnosed diabetes from 2008 to 2017quality of diabetes care from 2008 to 2017prevalence of gestational diabetes and testing effectiveness between 2008 and 2014prevalence of microvascular complications among Greenlanders and non-Greenlanders with type 2 diabetes in Nuuk in 2016

Methodological considerations {#S0005}
=============================

A donation from Novo Nordisk A/S provided the impulse enabling the Health care system to initiate a three-year national diabetes project. I was employed as a project manager from 2008 to 2011. In cooperation with one registered nurse, one bachelor in nutrient and human health, and one state registered chiropodist, the diabetes group was established to fulfil the project in 2008.

National diabetes care program {#S0005-S2001}
------------------------------

### Initial analysis of existing diabetes care {#S0005-S2001-S3001}

Before any initiatives were taken, an initial analysis was performed. This included evaluation of earlier Greenlandic experiences in using a diabetes quality of care database in Nuuk and Aasiaat; of baseline prevalence and quality of care in all Greenland; from interviews with physicians and other health care workers in Greenland and Denmark concerning barriers in delivering diabetes care, and; a review of initiatives taken elsewhere in the world to improve diabetes care in sparsely populated settings. Several lessons were learned from this analysis.

In the beginning of 2008, the prevalence of diagnosed diabetes in Greenland was low, around 2.2% among adults aged 40 or above \[[171](#CIT0171)\]. This confirmed a need for increased detection of new cases as reported earlier \[[10](#CIT0010)\]. The quality of diabetes care compared to the rest of Greenland was much better in the clinics in Nuuk and Aasiaat, where a database was used as a quality monitoring tool \[[171](#CIT0171),[180](#CIT0180)\]. The quality of care was estimated for 140 patients who had T2D and were affiliated with one of the two clinics *using* this quality database and these estimations were used and then compared to 245 patients with T2D affiliated with 1 of the 10 other clinics *not* using the database. Annual screening rates of HbA1c, blood pressure, and blood lipids were around 95% among patients affiliated with clinics using a quality database compared to lower than 70% among the remaining patients \[[171](#CIT0171)\]. Also, screening for microalbuminuria within the last 2 years was performed much more often in the clinics using the database compared to the other clinics without a database, 76% versus 24% \[[171](#CIT0171)\]. Only screening for retinopathy within 2 years was performed less well in the clinics with a database compared to the rest, 32% and 48% \[[171](#CIT0171)\]. However, this was a result of delayed response regarding results of retinal photography from the ophthalmologist rather than a difference in the quality of care \[[171](#CIT0171)\]. The clinical overview of important health care factors facilitated delivery of health care information such as that dealing with smoking habits, weight, height, body mass index (BMI), glycosylated haemoglobin (HbA1c), blood pressure, level of cholesterol, screening for retinopathy, nephropathy and neuropathy provided by the quality database in each consultation. In addition, the database provided an overview of the quality of care among all patients in the clinic. However, using a database outside the normal EMR represented a double registration that preferably should be avoided \[[171](#CIT0171)\]. Similarly, a diabetes register was also part of the diabetes program used in Alaska, where diabetes care improved from 1994 to 2004 \[[73](#CIT0073),[74](#CIT0074)\]. The higher quality of care observed in clinics with databases compared to usual care in clinics without a database in Greenland was also in line with information from the international literature at that time. Thus, a comprehensive review, which included 41 controlled trials, documented that multifaceted interventions targeting health care professionals and the structure of health care organisation were effective in improving the quality of care in primary health care settings \[[181](#CIT0181)\]. This has been further documented in the recent review mentioned previously in the background section \[[166](#CIT0166)\]. Efforts to improve diabetes care in rural communities should focus on interventions with multiple strategies targeting clinicians and health care systems, rather than on traditional patient-oriented interventions \[[166](#CIT0166)\].

The initial analysis of the quality of diabetes care in Greenland made it evident that a possibility to analyse HbA1c and test for microalbuminuria in health care settings outside Nuuk was desirable as an alternative to sending blood and urine samples to the central laboratory at Queen Ingrid's Hospital. Use of point-of-care devices has been used to improve the quality of care in other sparsely populated settings having limited access to central laboratories \[[182](#CIT0182)\].

No clinical guidelines were available to adapt to Greenlandic conditions, neither was there information about diabetes in Greenlandic. Also, the diagnostic setup represented a challenge. The recommended use of fasting venous plasma glucose as a diagnostic tool \[[83](#CIT0083)\] was not available in Greenland. Instead, capillary whole blood (CWB) glucose was used, but the reference of normal values in the lab card was below 6.6mmol/l and not below 6.1 mmol/l as recommended internationally \[[83](#CIT0083)\]. Also, oral glucose tolerance tests were sparsely used. Continuity in diabetes care was challenging to deliver because of short-term physicians and other health care workers in the many health care settings outside Nuuk. Other diabetes programmes applied in remote areas with Indigenous people were investigated to help overcome some of these challenges and to get inspiration. The Special Diabetes Programme for Alaskan Natives initiated in 1994 in Alaska, comprised elements and addressed challenges similar to those observed in Greenland. Improved diabetes care was observed among patients with diabetes in rural Alaska within the first 10 years after the implementation of the programme. As mentioned earlier, the program was based on an enhanced health care infrastructure, a national diabetes register, standardised guidelines for care, and annual evaluation of and feedback from clinics \[[74](#CIT0074)\]. Also, a unified EMR and free health care service including medicine were considered important factors \[[74](#CIT0074)\].

To sum up, the initial analysis confirmed a low prevalence of diagnosed diabetes in Greenland. The quality of diabetes care was higher in clinics in Nuuk and Aasiaat, compared to usual care in the remaining clinics in Greenland. Technical and other obstacles were identified concerning delivering high-quality diabetes care including the lack of possibilities to measure HbA1c and U-ACR outside of Nuuk, misleading values for normal CWB glucose concentrations in the lab card, the lack of continuity in diabetes care with many physicians holding only short-term positions, and, a lack of local health professionals dedicated to diabetes care. Lack of national guidelines for diabetes care and patient information in Greenlandic was also observed as a problem. It was concluded that a diabetes programme in Greenland should be multifaceted including initiatives targeting both the organisation of diabetes care, health care professionals, and patients with diabetes. Furthermore, it was evident that a diabetes register or quality database providing a possibility to monitor diabetes care was essential in a diabetes programme, preferably integrated in the EMR to avoid double registration procedures. Specific issues obviously needed special attention including possibilities to test for HbA1c, microalbuminuria, retinopathy and neuropathy outside of Nuuk, and to increase awareness of diagnostic criteria for diabetes.

### A new diabetes care concept based on integrated health research continued monitoring analysis and adjustment {#S0005-S2001-S3002}

The initial analysis was followed by an innovation period and the implementation of a new diabetes concept begun in the autumn of 2008, with a diabetes course for health care professionals from 17 different health care localities in Greenland. The evaluation of the implemented initiatives then a re-analysis followed by adjustments of the initiatives were considered important processes from the beginning. Continued monitoring and health care research within the health care system was thus given high priority as a part of the diabetes concept. The model represented a new concept in planning and monitoring diabetes care in Greenland both on local and national levels. The model is illustrated in [Figure 2](#F0002). The principle idea of having the model include analysis, innovation, implementation, and evaluation may not be new itself. However, the continued use of health research in order to continuously address clinical challenges had not before been done in Greenland and the feasibility had not been tested. 10.1080/22423982.2019.1709257-F0002Figure 2.The Greenlandic model based on continued monitoring, analysis and adjustment of initiatives taken to improve diabetes care.

The diabetes care concept included the development of a special diabetes profile integrated in the EMR providing an overview at three different levels. The overview was provided in the clinical consultation with each patient thus facilitating the clinical decision-making process. Based on the statistical module within the EMR, the quality of diabetes care could be assessed and monitored continuously in each town as well as on a national level. Measurements of quality of care indicators were introduced, and annual feedback from the diabetes group to the clinics was established. Local, key health care professionals with responsibility for following up on patients were educated with annual courses on diabetes.

National guidelines were developed and continuously updated and gradually simplified. The guidelines were based on Danish and internationally accepted guidelines from the American Diabetes Association (ADA), European Association for the Study of Diabetes (EADS), European Society of Cardiology (ESC), and The Danish College of General Practitioners \[[183](#CIT0183)--[186](#CIT0186)\]. Patient information in Greenlandic and Danish was developed and printed. Movies with patient information focusing on special topics like insulin treatment were produced and distributed throughout the health care system.

Local health care clinics were equipped with a DCA Vantage® Analyser (Siemens Healthcare Diagnostics) \[[187](#CIT0187)\], allowing local point-of-care testing of HbA1c and U-ACR. Acceptable precision and accuracy have been demonstrated for point-of-care devices when using DCA Vantage® Analyser, Axis-Shield Afinion^TM^ AS100 Analyser (Alere, Holstebro, Denmark), and HemoCue® Glucose 201^+^ System (AB, Ängelholm, Sweden) \[[182](#CIT0182),[187](#CIT0187)--[192](#CIT0192)\] as compared to utilising central laboratory services.

Point-of-care testing has also been the cornerstone in diabetes care among different Indigenous peoples such as the Australian Aboriginal and Torres Strait Islander peoples living in remote areas \[[182](#CIT0182)\]. However, point-of-care testing devices are not recommended for diagnosis of T2D \[[193](#CIT0193)\] and they were thus used mainly to monitor the treatment. Although inferior to central laboratories, the point-of-care devices provide good, reliable testing opportunities that can be performed locally with the potential to increase the number of patients tested.

To sum up, a new model of the diabetes programme was designed to include continued monitoring, analysis, and adjustment to initiatives taken to improve diabetes care. The initial analysis was used to design a multifaceted initiative targeting (1) the organisation of diabetes care including the establishment of a diabetes group bearing national responsibility for diabetes care, the education of local, key diabetes health care professionals, providing technical solutions including point-of-care devices and other tools to increase the feasibility of providing diabetes care and guidelines of care, (2) health care professionals in a program including providing national guidelines in accordance with international recommendations, annual courses in diabetes, performance feedback, and (3) patients including educational initiatives to provide information in Greenlandic and Danish. Further actions to increase detection of new cases, to facilitate the screening of microvascular complications, to improve the management of gestational diabetes, and to promote advocacy for diabetes are described in the following sections.

### Screening for microvascular complications {#S0005-S2001-S3003}

Screening for retinopathy used to be performed by travelling ophthalmologists from Denmark using direct ophthalmoscopy. This method is inferior to retinal fundus photography \[[194](#CIT0194)\]. In 2007, a retinal fundus camera was installed in Nuuk. Initially, it was used by the travelling ophthalmologist. Later on, the nurse in the diabetes group was educated in the procedures of use and has since 2008, performed the retinal fundus photography on patients in Nuuk. The analysis of the photo was performed by an ophthalmologist in Denmark. For years the retinal fundus photography was performed on dilated pupils. In 2015, a Daytona Fundus Camera from Optos® \[[195](#CIT0195)\] facilitated non-mydriatic wide-field digital photograph of the fundus and replaced the former camera.

In addition, Daytona Optos® cameras were installed in nine towns and key, local diabetes staff were trained in the procedure, making fundus screening available in these locations. Fundus photography was, however, still prescribed by an ophthalmologist in Denmark. Patients in need of this treatment for retinopathy were referred to an ophthalmologist and treated in Greenland or Denmark.

Prior to the diabetes project screening for microalbuminuria and nephropathy used to be performed on a 24-hour urine sample, which could only be performed at the central laboratory at Queen Ingrid´s Hospital in Nuuk. However, testing of microalbuminuria can also be measured by the albumin to creatinine ratio (UACR) in a random spot urine sample \[[196](#CIT0196)\]. This method was part of standard diabetes care as recommend by ADA \[[196](#CIT0196),[197](#CIT0197)\]. This method was much more feasible for both patient and health care professionals and provides sufficient accuracy \[[196](#CIT0196)\]. Therefore, this method was introduced as the preferred test of microalbuminuria in Greenland at the beginning of 2008. The examinations of UACR on spot urine samples were performed on the Architect c8000 Clinical Chemistry Analyser® \[[198](#CIT0198)\] at the central laboratory at Queen Ingrid´s Hospital in Nuuk. Outside of Nuuk the collected urine samples were either sent to Nuuk for analysis or analysed locally using the DCA Vantage® Analyser. A guideline was established so that elevated values of 2.5mg/mmol or above should be confirmed by examining new sterile urine. If UACR was measured above 25mg/mmol or above, a 24-hour sterile urine sample should be examined for content of protein.

All analyses of venous blood were accompanied by testing HbA1c, cholesterol, alanine transaminase, creatinine, sodium, potassium, cobalamin concentrations using an Architect 8000 Analyser® \[[198](#CIT0198)\] at the central laboratory at Queen Ingrid´s Hospital in Nuuk. The laboratory is a member of the Danish quality system for laboratories (DEKS).

Screening for neuropathy was initially performed by the chiropodist from the diabetes group while travelling around in Greenland. She tested foot sensation modalities including pressure (10 g monofilament), thermal (using Tip Therm®), and vibration (using Biothesiometer, Rova Company®). A threshold of 25 mV was used to define the presence of neuropathy. A threshold of 24.5 mV has been documented to provide diagnostic accuracy to detect distal neuropathy (area under a receiver operating characteristic (ROC) curve at 0.81) including sensitivity (82%) and specificity (70%) \[[199](#CIT0199)\]. All clinics were equipped with 10 gram monofilaments to facilitate the possibility of identifying feet at risk for ulceration at local clinics \[[197](#CIT0197)\]. In time these procedures were gradually supplemented with biothesiometers in all towns, allowing local, key health care professionals to perform an annual assessment of distal neuropathy as is internationally recommended \[[197](#CIT0197)\].

In addition to the testing of sensation, a foot examination included gathering a careful history, inspection of the feet and shoes, and assessment of blood pulse \[[197](#CIT0197)\]. This was in an ideal environment performed by a trained chiropodist. However, only one chiropodist could be included in the diabetes group. Thus, local, key health professionals were also trained to make a basic foot examination. This might not be as good as that performed by a chiropodist, but surely better than no screening at all for neuropathy. Awareness and education of people with diabetes about the need to look after their feet have been reported to improve people's foot care knowledge and behaviour \[[200](#CIT0200)\]. Furthermore, the education of local health care professionals to included foot examination in their diabetes care may increase their own awareness of foot problems among patients with diabetes. This combined strategy targeting both health care professionals and patients may be more effective in preventing foot problems and ulcers than a single strategy although this has not yet been evaluated in high-quality studies \[[201](#CIT0201)\].

No single test was used to screen for macrovascular complications. Instead, risk factors were evaluated and recorded annually including smoking status, blood pressure, cholesterol level, any history of premature death in the family, and any presence of microalbuminuria \[[202](#CIT0202)\]. The aim was to manage the risk factors according to national guidelines.

In conclusion, the strategy for screening of microvascular complications was changed to increase quality and the feasibility of implementation. Retinal photography was introduced in Nuuk and gradually established in clinics in larger towns, replacing the inferior direct ophthalmoscopy. Testing for microalbuminuria and nephropathy was implemented with measurements of UACR on a spot urine sample rather than using the more cumbersome 24-hour urine sample test. Furthermore, the feasibility of using point-of-care testing was proven, making screening possible in settings outside of Nuuk. Finally, increased focus on screening of neuropathy was initiated by the travelling chiropodist. Later, the foot examination including use of biothesiometers and monofilaments became part of the local, key health care professional´s skill set. Thus, the possibilities of improved screening for microvascular complications were introduced.

### Actions to increase the detection of undiagnosed diabetes in patients {#S0005-S2001-S3004}

The strategy for testing for diabetes was developed based on case-finding among patients whom had themselves sought out the primary health care system. Awareness of risk factors for diabetes such as family history of diabetes, age, physical inactivity, overweight, hypertension and dyslipidaemia was already highlighted in the national guidelines. Also, the presence of or symptoms related to cardiovascular disease, neuropathies, and recurrent infections were mentioned as indications for performing diabetes testing.

To ensure detection of new diabetes cases the normal values for fasting capillary whole blood glucose concentration in the lab card was changed in 2008, from below 6.6mmol/l to below 6.1mmol/l and thereby aligned in accordance with the international accepted values according to WHO \[[83](#CIT0083)\]. In addition, an oral glucose tolerance test (OGTT) was recommended in cases of fasting capillary whole blood concentration at 5.6 or up to 6.0mmol/l. A 2 hour whole blood glucose concentration at 11.1 mmol/l or above was considered to be diagnostic evidence of diabetes \[[83](#CIT0083)\].

In January 2010, the American Diabetes Association published new diagnostic guidelines allowing diabetes to be diagnosed based on the measurement of HbA1c. Thus, a confirmed value at or above 48 mmol/mol (6.5%) was included as a diagnostic criteria in Greenland. Measuring HbA1c can be done on a non-fasting individual and represents a more feasible diagnostic feature that potentially could decrease the number of undetected cases of diabetes in Greenland. In addition, the lack of the possibility to use venous plasma glucose as well as the use of the less valid whole blood capillary glucose concentration made it clear that the time had come to change diagnostic strategy. By June 2010, measuring of HbA1c was therefore introduced as a supplementary diagnostic tool in Greenland.

At the same time, a Tosoh G8 HPLC Analyser \[[203](#CIT0203)\] was installed at the central laboratory at Queen Ingrid's Hospital in order to analyse Hba1c levels in venous blood, chosen because this method had been reported to be the state of art for testing \[[203](#CIT0203)\].

In summary, clarification and implementation of the diagnostic criteria for diabetes treatment were initiated in 2008. In 2010, HbA1c was introduced as a supplementary diagnostic tool facilitating the detection of new cases in line with international recommendations.

### Actions taken to address gestational diabetes in Greenland {#S0005-S2001-S3005}

GDM is a responsibility of the department of Gynaecology and Obstetrics at Queen Ingrid's Hospital. Guidelines for testing and diagnosis of GDM existed as part of the national perinatal guidelines. Testing for GDM was risk factor based. Thus, pregnant women were offered tests of GDM, if they had a history of former GDM, former birth of a child with birth weight above 4,500 g, diabetes among first degree relatives or grandparents, pre-pregnancy BMI above 27 kg/m^2^, and in the event of a positive urine glucose dip-stick test. The diagnosis was based on the result of a 75 g OGTT performed on fasting women. CWB glucose concentration was examined before and 2 hours after the administration for glucose using a portable Hemocue Glucose 201® System (AB, Ängelholm, Sweden). The test was performed early in pregnancy (gestational week 18) on women with two or more risk factors or on women with a history of former GDM. If the first OGGT was normal, a re-test was performed in late pregnancy (gestational week 28). For women with one risk factor, OGTT was only offered late in pregnancy (gestational week 28). However, the diagnostic cut-off used in Greenland at that time was 2 hours CWB glucose concentration at 11.1mmol/l or above. This was much higher than defined by the WHO 1999 guidelines \[[83](#CIT0083)\]. The WHO 1999 diagnostic cut-off values for GDM were fasting CWB glucose 6.1mmol/l or above or 2 hours CWB glucose at 7.8mmol/l or above. However, no worldwide consensus existed concerning testing strategy and cut-off values \[[99](#CIT0099)\]. In 2010, a new guideline for GDM was introduced based on the criteria used in Denmark. However, testing for GDM continued to be selective and risk factor-based using the same criteria as in Denmark at that time, i.e. history of former GDM, former birth of a child with birth weight above 4,500 g, diabetes among first degree relatives or grandparents, pre-pregnancy BMI above 27 kg/m^2^, and in the case of a positive urine glucose dip-stick test. Only 2 hour measurements of glucose were included and not fasting CWB glucose concentration. Thus, 2 hour glucose concentrations at or above 9.0mmol/l were chosen as a new diagnostic cut-off value according to the clinical guidelines from the Danish Society of Obstetrics and Gynaecology \[[171](#CIT0171)\]. The Danish criteria were chosen because Denmark represents the major (and nearest) co-operator for the health care system in Greenland. The Danish cut-off was at the time higher than most international recommendations. In 2010, International Association of Diabetes and Pregnancy Study Groups (IADPSG) lanced cut-off values for venous plasma glucose concentrations at or above at 5.1mmol/l (fasting), 10.0mmol/l (1 hour), and 8.5mmol/l (2 hour) after 75 g OGTT \[[101](#CIT0101)\]. The same criteria was adapted by WHO in 2013 replacing the former 1999 criteria \[[204](#CIT0204)\]. In 2015, in the UK, cut-off values were introduced by the National Institute of Health and Excellence (NICE, UK) for venous plasma glucose concentrations at or above 5.6mmol/l (fasting) or 7.8mmol/l (2 hours) after 75 g OGTT \[[205](#CIT0205)\]. Also in Denmark, the cut-off value (9.0mmol/l, 2 hours after OGTT) was based on venous plasma glucose measurements. In Greenland by contrast CWB glucose concentrations were used assuming an acceptable agreement between glucose measured in capillary whole blood and venous plasma \[[206](#CIT0206)\]. Thus, diagnosis of GDM based on CWB analysis using handheld glucometers, for example the Hemocue Glucose 201® System, has been accepted by the International Federation of Gynaecology and Obstetrics (FIGO) in remote settings where laboratory support is limited \[[207](#CIT0207)\]. The high 2 hours cut-off value, excluding fasting glucose concentrations, and the use of selective risk factors based screening, rather than universal screening as in Denmark, obviously, would result in a less sensitive diagnostic setup in Greenland compared to many other countries. On the other hand, no solid information about GDM in Greenland was available at that time to support the decision. Choosing a diagnostic testing strategy and cut-off values had to be a delicately balanced decision and had to include both possible health effects on pregnancy outcome (with the possible negative effects coming from pregnant women being labelled "sick" with diabetes) and the capacity limits of treatment within the health care system. According to FIGO, national guidelines and management should be in accordance with available national resources and infrastructure even if the specific diagnostic and treatment strategies are not supported by high-quality evidence \[[207](#CIT0207)\]. In 2010, a workshop GDM was arranged by the diabetes group in Nuuk in order to increase awareness of GDM in Greenland and to optimise treatment. Participants included Danish experts, local obstetrics, midwives, paediatric and internal medicine physicians, and other key persons. In 2014, the guideline was further updated to include screening of all pregnant women for overt diabetes in the first trimester using HbA1c as a screening tool as was recommended internationally \[[101](#CIT0101),[208](#CIT0208)\]. The treatment guideline was further clarified. Women diagnosed with GDM were offered lifestyle intervention including dietary and exercise counselling, monitoring of blood glucose using Freestyle Lite® (Abbott Laboratories A/S, Copenhagen, DK) and exercise monitoring pedometers, and insulin in order to reduce perinatal morbidity if indicated \[[97](#CIT0097),[209](#CIT0209)\]. As a follow-up to the workshop, information in Greenlandic was offered to patients with GDM. Still, only 2 hours CWG glucose at or above 9.0mmol/l was considered a diagnosis of GDM using the same cut-off levels as in Denmark.

In conclusion, no written information about GDM existed in Greenland in 2008. To increase awareness of GDM, health care guidelines were updated in 2010 and 2014 including information in Greenlandic, which targeted women diagnosed with GDM. The screening strategy and cut-off values were chosen based on the Danish guidelines accepting a lower sensitivity than in some other settings awaiting further data on GDM in Greenland.

### Expansion of the diabetes project with a national lifestyle initiative {#S0005-S2001-S3006}

In 2011, the diabetes project was replaced by a lifestyle initiative. In addition to diabetes care, the scope was also to improve the management of hypertension and chronic obstructive lung disease in all Greenland. The diabetes group was changed to a lifestyle group and the physician became the head of the lifestyle initiative. The research-based approach with continued monitoring, evaluation, analysis and adjustment of the initiatives taken, used in the diabetes project, was adapted in the new lifestyle concept. Approximately, at the same time DCA vantage^TM^ (Siemens Healthcare Diagnostics) was replaced in the local clinics with Axis-Shield Affinon^TM^ AS100 Analyser (Alere, Holstebro, Denmark) that in addition to HbA1c and U-ACR also could analyse CRP (C-reactive protein). In order to facilitate home blood pressure measurements, all clinics were equipped with a large number of automatically blood pressure machines. Out-of-office monitoring of blood pressure has been recommended in both American and European guidelines for diagnosis and management of hypertension using a lower cut-off for the diagnosis of hypertension (BP above 135/85 mmHg) compared to in-office blood pressure measurements (BP above 140/90 mmHg) \[[210](#CIT0210),[211](#CIT0211)\].

Also, the number of spirometers was increased in order to facilitate the performance of lung function test locally. National guidelines for hypertension and chronic obstructive lung disease were developed in addition to a lifestyle book about chronic obstructive lung disease in Danish and Greenlandic, including information about lifestyle factors such as smoking, physical activity, diet, and lifestyle-related diseases such as diabetes, hypertension and chronic obstructive lung disease.

As a consequence of the replacement of the diabetes project with the lifestyle initiative, the diabetes profile within the EMR was expanded to be a lifestyle profile also containing information on lung function and other relevant parameters relevant to chronic obstructive lung disease. Also, the standard lifestyle blood profile lab requisition was gradually extended in to include HbA1c, lipid profile, cobalamin, creatinine, estimated glomerular filtration rate (eGFR), sodium, potassium, and alanine aminotransferase. Electrocardiography (ECG) and urine examinations were still on separate lab requisitions.

In 2015, implementation of the new united EMR for the whole health care in Greenland was started at Queen Ingrid Health Care Centre in Nuuk, and the lifestyle profile in the former system was replaced by a lifestyle table in the new system. It contains information about general lifestyle factor such as smoking, physical activity, weight, height, BMI, abdominal circumference, blood pressure, diabetes parameters like duration of diabetes, HbA1c, UACR, result of screening for neuropathy and retinopathy, obstructive lung disease such as duration and stratification (Global Initiative for Chronic Obstructive Lung Disease, GOLD), lung function, saturation, and heart failure like classification (New York Heart Association, NYHA), and ejection fraction measured by echocardiography \[[212](#CIT0212),[213](#CIT0213)\]. Statistical extraction of data from the new EMR was still under development. However, since 2016, parameters registered in the lifestyle table could be extracted allowing the former monitoring of diabetes and other lifestyle factors to be continued.

Baseline analysis and evaluation of other conditions than diabetes have included health research too \[[177](#CIT0177),[214](#CIT0214)--[216](#CIT0216)\]. However, more detailed description of this was considered beyond the scope of this thesis.

In summary, the diabetes group was expanded to a lifestyle group in 2011. In addition to maintain focus on diabetes care, the scope of the new initiative was extended to cover management of hypertension and chronic obstructive lung disease too. The model was sustained with continued analysis, monitoring and adjustment of the management of diabetes, but the perspective was extended with initiating an increased focus on measuring blood pressure and lung functions. In 2015, the former EMR used in the primary health care system was replaced by a new united EMR in Nuuk. A lifestyle table was integrated in the new EMR allowing monitoring of diabetes care to be continued, although data could not be extracted initially.

### Advocacy and additional initiatives to increase awareness of diabetes {#S0005-S2001-S3007}

The original diabetes group, and now the life style group, have provided awareness of diabetes in different settings including the health care system, the general population, politicians, and scientific settings. These initiatives have been described in more detail elsewhere \[[9](#CIT0009)\]. In brief, annual teaching and information have been provided for healthcare professionals. Information about diabetes and prevention has been provided in different settings including primary school, high school, at university and other in public and private institutions and companies. Presentation of the new diabetes care initiative in Greenland has been done in several workshops, political and scientific meetings including West Nordic Minister Meeting, Iceland Greenlandic Science Days, Expert Meeting on Indigenous Peoples, Diabetes and Development, and on NunaMed conferences held every third year in Nuuk. Several public lectures have been given within the context of Society of Greenlandic Medicine. Publicly available papers have been published in Nakorsanut (a journal published by the local organisation of physicians in Greenland). The diabetes group and the lifestyle group have participated in many interviews about diabetes and lifestyle in radio, television and newspaper. Annual health care events like national working initiatives (Pisutta), culture night with lifestyle events, and so called monthly lifestyle cafes giving the public access to lifestyle intervention and diabetes screening at local health care clinics have been performed.

Study populations and variables {#S0005-S2002}
-------------------------------

The study populations included in this thesis were recruited for observational cross-sectional designs based on information available in the EMR \[[179](#CIT0179),[217](#CIT0217)--[223](#CIT0223)\]. This method had advantages as well as limitations.

The major strength of the study was that the whole population in Greenland or selected groups, like all Nuuk inhabitants, could be included in the study minimising the risk of selection bias. Also, the data used in the study could be withdrawn from the EMR. Thus, no participants had to be examined or put at any risk of harm. Furthermore, the study evaluated initiatives in the actual clinical setting in which the results should be interpreted and disseminated. This provided realistic data compared to an idealised research setting as an RCT. The connection between initiatives taken and outcome measured influenced the implementation process positively. On the other hand, limitations existed and interpretation of the results must be done with some reservations. Due to the observational, uncontrolled design, no certain causality between initiatives taken and the outcome can be claimed. However, the task of the diabetes group was to increase awareness and quality of management in all Greenland. A standard randomised trial including only parts of Greenland was not an option. The evaluation of initiatives taken was performed as repeated before-and-after analyses providing indications of effect. Also, data from the EMR could have been misleading. Although standards for clinical measurement existed in the guidelines, health care workers may practice this differently making a comparison of data problematic. However, this effect was more likely to occur randomly than in a systematic way, and the risk of misinterpretation was considered small. Also, the majority of data included in this study represented quite simple measurements of registrations as, for example if blood pressure had been measured or not. Thus, the interpersonal variability in measurements was considered a minor problem in the interpretation of the results.

In conclusion, the observational design was used in this thesis. An RCT was not estimated to be feasible. However, the repeated measurements before-and-after initiatives taken provided indications of effects that could be used to adjust strategies in the actually clinical setting.

Contact with health care system in Greenland 2010--2011 {#S0005-S2003}
-------------------------------------------------------

A statistical extraction from the EMR was performed in order to estimate and compare the age-specific proportion of males and females, who had been in contact with the primary health care system within 1 year. Thus, all persons were identified who had been in contact with the primary health care system from 1 June 2010 to 31 May 2011. The population in Greenland as of 1 January 2011 available from Greenland Statistics \[[224](#CIT0224)\] was used as a base, background population.

The major strength of this study was that the whole population in Greenland was included minimising the risk of selection bias. In addition, the data could be extracted electronically reducing the risk of manual errors. On the other hand, the contact could only be included if the health care professionals had recorded the contact in the EMR. Failure to include a contact in EMR would result in an underestimation of the proportion of patients with contact to the health care system. However, all contacts to the health care system had to be recorded in the EMR by law, and the risk of this underestimation was regarded of less importance. The outcome was only dichotomised in patients with or without contact with the health care system, which is another limitation of this study. Thus, the number of contacts per person could not be estimated. However, the main scope was to estimate the proportion of persons in Greenland in contact with the health care system. This information could contribute to the decision about which testing strategy should implemented to increase the detection of undiagnosed diabetes in Greenland.

In brief, the inclusion of all Greenlanders in Greenland, the electronically gathered and withdrawn data, and the validation of the extracted data represented a major strength in this study that insured a reliable conclusion.

Diagnostic activity from 2010 to 2012 and from 2014 to 2015 {#S0005-S2004}
-----------------------------------------------------------

Diagnostic activity measured as the proportion of the population tested for diabetes using HbA1c as a diagnostic tool was estimated in two observational periods. The first period of observation was from 1 June 2010 to 31 August 2012 (2 years and 3 months). The first observational period started on the day where HbA1c was introduced as a diagnostic tool in Greenland. A subsample of inhabitants in Greenland at or above 35 years was identified. Thus, only adults born on the first day of a month were included in the subsample. The medical record was reviewed in order to check if they had been tested with HbA1c within the observation period. The proportion of the population tested in the observation was calculated using the population in Greenland as of 1 January 2012 as the background population. The second observational period was from 1 January 2014 to 31 December 2015 (2 years). Thus, all persons who had been tested at least once with an HbA1c measurement during the observation period were identified and the age and gender-specific proportion of the population tested was estimated using the population of Greenland as of 1 January 2015 as the background population. Only, HbA1c tests were included, when they were performed at the Tosoh G8 HPLC analyser at the central laboratory at Queen Ingrid Hospital, whereas HbA1c measured locally on point-of-care devices were not included.

The major strength in these studies was that the diagnostic activity was estimated in all Greenland. The first analysis was performed on a quite large representative sample of adults aged 35 years or above (around 1000 persons or more than 3% of all adults aged 35 years or above). The second sample included all persons tested. Another strength indicated in the second sample was that the data could be extracted electronically from the laboratory card. However, limitations exist. The diagnostic activity estimated in this study only described diagnostic activity using HbA1c. Thus, no information was included about fasting glucose measurements or OGTT. This would tend to underestimate the diagnostic activity. However, the size of this underestimation was considered of minor significance due to the superior feasibility of HbA1c testing compared to fasting blood glucose measurements or OGTT \[[225](#CIT0225)\]. Also, the scope of the analysis was mainly to evaluate the implementation of the new diagnostic method (HbA1c). On the other hand, some persons already diagnosed with diabetes were tested with HbA1c measurement to monitor their disease rather than as a diagnostic test. This resulted in an overestimation of the diagnostic activity. However, the prevalence of diagnosed diabetes was still low and this overestimation was considered of minor significance due to the low prevalence of diagnosed diabetes. Finally, the two samplings were not performed in the same way. The first sample included only a subsample whereas the whole population was examined in the second sample. This represented a limitation in the comparison of the two estimates. However, the subsample was performed as a relatively large and representative sample. Thus, the estimate was considered reliable and the comparison relevant.

In conclusion, limitations exist including both overestimation and underestimation. However, the size of both under- and overestimation was considered of minor significance. The estimated diagnostic activity was regarded as representative for the whole population in both samples and consequently comparable with each other.

Prevalence of diagnosed diabetes from 2008 to 2017 {#S0005-S2005}
--------------------------------------------------

The prevalence of diagnosed diabetes was estimated five times during the last 10 years using different methods, in 2008, 2010, 2012, 2014 and 2017 \[[218](#CIT0218),[219](#CIT0219),[221](#CIT0221)\]. In 2008, all health care districts in Greenland were asked to make a list of patients diagnosed with diabetes -- a manual registration \[[218](#CIT0218)\]. In 2010, 2012 and 2014 all patients diagnosed with diabetes were identified electronically by extracting patients coded with a "D" (diabetic) in the former EMR \[[218](#CIT0218),[219](#CIT0219),[221](#CIT0221)\]. In 2017, all patients diagnosed T89 (T1D) or T90 (TD2) according to International Classification of Primary Health \[[226](#CIT0226)\] were identified through a statistical extraction from the new EMR (this being data not published previously).

### Estimates of prevalence {#S0005-S2005-S3001}

The age and gender-specific prevalence of diabetes were estimated using the population in Greenland as of 1 January in the respective years as the background population. In addition, the prevalence among Greenlanders and non-Greenlanders was estimated in the 2014 sample. Patients born in Greenland were considered Greenlanders while patients born outside Greenland were considered non-Greenlanders.

In 2008 and 2010, the prevalence was estimated for adults aged 20 or above \[[218](#CIT0218)\]. In the following samples, the prevalence was also estimated for the age group 20--79 years old, a standard used to compare the prevalence of diabetes across the globe by the International Diabetes Federation \[[28](#CIT0028)\]. Both patients with T1D and T2D were included in the estimations included in this thesis in accordance with the International Diabetes Federation estimates \[[28](#CIT0028)\]. Thus, the initial prevalence of T2D prevalence estimated in 2008 and 2010 \[[218](#CIT0218)\] has been recalculated by including patients with T1D.

### Strength and limitations {#S0005-S2005-S3002}

The major strength of these analysis was the electronically identification of persons diagnosed with diabetes so that the prevalence could be estimated among the whole population of Greenland. Only in 2008, the data was collected manually and only 90% of the population could be included due to lack of information from two minor clinics. Obviously, a risk of missing patients diagnosed with diabetes exited in the 2008 sample since it relied on local health care professionals' knowledge about patients diagnosed with diabetes. Thus, 78 persons diagnosed with diabetes were identified for the first time in the 2010 sample despite having been diagnosed prior to 2008, underlining the strength in the electronically withdrawn data. This means that the estimated prevalence was underestimated for 2008. However, underestimation of the prevalence was also a risk in the subsequent samples. Thus, some patients may actually have been diagnosed with diabetes, but not coded with a "D" in the former EMR or with a diabetes diagnosis (T89 or T90) in the new EMR. However, the diabetes/lifestyle group validated the extraction persons by cross-checking persons annually using prescription of anti-diabetic medicine, diabetes code, and lab card information about HbA1c to counteract this possible lack of registration. On the other hand, some patients may wrongly have been coded with a diabetes diagnose without having diabetes. This would tend to overestimate the prevalence of diagnosed diabetes. However, this failure was seldom observed. It was corrected and identified using review annually of patients with a diabetes diagnosis.

In conclusion, the prevalence of diagnosed diabetes could be estimated electronically, with the exception of the first sample performed in 2008, ensuring reliable and comparable estimations of the prevalence of diagnosed diabetes in Greenland.

Quality of diabetes care from 2008 to 2017 {#S0005-S2006}
------------------------------------------

Quality of diabetes care was estimated in 2008, 2010, 2014, and 2017 \[[218](#CIT0218),[221](#CIT0221)\]. No estimation of the quality of care was included in the 2012 analysis that primarily focused on diagnostic activity.

Information about the most recent measure of blood pressure, HbA1c, blood lipids, and the last screening for retinopathy, neuropathy, and microalbuminuria was provided by reviewing medical records 2 years back in time among all patients diagnosed with diabetes \[[218](#CIT0218),[221](#CIT0221)\]. In 2008 and 2010, only patients with T2D were included in the analysis, whereas both T1D and T2D patients were included in the analysis in 2014 and 2017, since both T1D and TD2 patients need regular diabetes care. Thus, patients diagnosed at the age of 29 years old or below treated with insulin within the first half year of diagnosis were considered having T1D (22 in the 2008 sample and 30 in the 2010 sample) and were excluded in the quality of care analysis in 2008 and 2010 \[[218](#CIT0218)\].

Thus, the population in 2008 and 2010 differed slightly from the population in 2014 and 2017. However, the number of patients with T1D was less than 5% in all samples and the impact on the overall health care indicators limited. Also, the classification of patients as having T1D or T2D was not always obvious and the risk of misclassification existed in the clinical setting. Therefore, in order to simplify the monitoring process the combined quality of care was preferred in the later studies.

### Quality of care indicators {#S0005-S2006-S3001}

Quality of diabetes care was described using the selected process of care and proximal outcome indicators proposed by the Organisation of Economic Cooperation and Development (OECD) including annual testing of HbA1c, LDL, retinopathy, microalbuminuria, HbA1c control (HbA1c \< 53 mmol/mol), and LDL control (LDL \< 3.5 mmol/l) \[[159](#CIT0159)\]. Furthermore, annual testing of blood pressure, blood pressure control (BP\<140 mmHg), and poor metabolic control (HbA1c \> 75 mmol/mol) as proposed by the National Diabetes Quality Improvement Alliance (NDQIA) was included \[[227](#CIT0227)\]. In addition, in reporting annual testing rate for retinopathy, microalbuminuria, and LDL cholesterol, also 2 year testing rates were used as in the Danish National Indicator Project Diabetes \[[66](#CIT0066)\]. The OECD and NDQIA indictors were selected in the present study since they have been used to compare diabetes care internationally \[[161](#CIT0161)\]. The selected Danish indicators were included, because 2 year testing rates add important information in some cases. Testing for retinopathy was only offered every second year in Greenland, unless signs of retinopathy were present or in cases were HbA1c or blood pressure was poorly regulated in accordance with guidelines from the ADA \[[228](#CIT0228)\]. Also, measuring LDL cholesterol annually in all patients with diabetes may not be an essential part of diabetes care. According to recent ADA recommendations, it is reasonable to obtain a lipid profile at the time of diagnosis of diabetes and at least every 5 years thereafter. Also, lipid testing should also be obtained before initiating statin therapy. Furthermore, once a patient was taking a statin, testing for LDL cholesterol may be considered on an individual basis \[[202](#CIT0202)\]. Thus, the 2 year rather than 1 year proportion of patients tested for LDL may provide more useful information on diabetes care. Proximal outcome indicators were calculated as the proportions of patients fulfiling the control criteria (Blood pressure \< 140/90 mmHg, HbA1c\<53mmol/mol) among all patients tested.

In addition to annual testing rates of HbA1c, blood pressure, and LDL cholesterol, also 2 year testing rates were included in 2017, to provide a more detailed picture for these parameters.

### Choice of indicators {#S0005-S2006-S3002}

The choice of proximal indicators represented dilemmas. A target level of HbA1c below 53mmol/mol for most patients with diabetes was in accordance with internationally accepted guidelines from the American Diabetes Association (ADA), International Diabetes Federation (IDF), and European Association for Study of Diabetes (EASD) and thus not problematic \[[183](#CIT0183),[229](#CIT0229),[230](#CIT0230)\]. On the other hand, the target level of blood pressure control has been debated. A decade ago, a target level of 130/80 mmHg was internationally accepted. However, recently a target level of diastolic blood pressure below 80 mmHg and systolic blood pressure below 130--140 mmHg was reported by International Diabetes Federation. The most recent American recommendation reported a target level below 140/90 mmHg for most patients in accordance with the included indicator in this study \[[183](#CIT0183),[230](#CIT0230)\]. Also, the OECD indicator for LDL control (LDL below 3.5 mmol/l) represented a challenge since the target for LDL varies internationally \[[230](#CIT0230)\]. A target level of LDL below 2.5 mmol/l for most patients with T2D and below 1.8 mmol/mol for high-risk patients has been recommended \[[230](#CIT0230)\]. Different target levels could have been chosen. However, in this thesis the possibility of using an accepted OECD indictor designed for comparison internationally was weighted the most.

### Limitations {#S0005-S2006-S3003}

No OECD distal outcome indicators including lower extremity amputations rates, kidney disease in persons with diabetes, and cardiovascular mortality in persons with diabetes were included in the present study due to lack of data. Furthermore, no patient reported, outcome data was available. Thus, not all parts of diabetes care could be evaluated in this study.

Another limitation in the present study was the overestimation of the quality of diabetes care in 2008, making it a suboptimal baseline. The formerly mentioned 78 persons identified in 2010, although diagnosed before 2008, were not followed regularly with a process of care applied indicators from 0% to 22% in 2008 \[[171](#CIT0171)\]. These persons were not included in the quality assessment for 2008, and consequently, the quality of care was overestimated. Furthermore, the estimated national 2008 diabetes quality represented a mix of very high level of quality performance (testing rates above 90% for HbA1c, blood pressure, and LDL cholesterol) in the clinics that have used a quality database for 2 years from 2006 to 2008, and quite poor performance (testing rates below 70% for HbA1c, blood pressure, and LDL cholesterol) for clinics without a database. Finally, excluding quality of care for 10% of the population, the two minor clinics without diabetes data in 2008, with an assumed lower quality of care further contributed to the overestimation of the real baseline quality of care.

The estimation of the quality of care on a national level in 2017 was challenged by the implementation of the new EMR in clinics outside Nuuk at the end of 2016 and spring 2017. The burden with transferring data and information from the former EMR to the new EMR was performed manually along with the implementation of the new EMR. The resources used on this procedure and the energy used on implementation of the new EMR could have affected the resources left to perform diabetes care in some settings.

In conclusion, the selected indicators of quality of diabetes care used in this study were internationally accepted. Since 2010, the indicators were measured based on electronically extracted data from the EMR. The 2008 national quality of care assessment was overestimated and did not represent a true baseline, since two clinics had already achieved very high diabetes quality using a quality database for 2 years, and not all patients diagnosed with diabetes in 2008 were included. However, no alternative existed and the overestimated quality in baseline must be included in the interpretation of the results.

Prevalence of gestational diabetes and testing effectiveness between 2008 and 2014 {#S0005-S2007}
----------------------------------------------------------------------------------

The prevalence of GDM and testing effectiveness was estimated in 2008 and 2014 \[[179](#CIT0179),[222](#CIT0222)\].

All women who gave birth to a singleton in Nuuk during 2008 \[[222](#CIT0222)\] and in all Greenland during 2014 \[[179](#CIT0179)\] were included in this study. Only Greenlanders were included in this thesis. Women with pre-gestational diabetes and women treated with oral steroids were not included in the study. Information about maternal age, country of birth, parity, gestational age (GA), mode of delivery, off-spring sex, birth weight, birth length, self-reported pre-gestational maternal weight and height, result of urine for glucose, former pregnancies, family history of diabetes, any smoking during pregnancy, results of OGTT were obtained from a review of medical records, lab cards and register information from the chief Medical Officer.

In 2014, information about maternal address was included too, and the women were categorised as either Nuuk or outside-Nuuk residents. BMI was based on the women's self-reported weight and height before pregnancy. The women were considered to be smokers if they reported any tobacco smoking at the first prenatal visit. Delivery was considered vaginal unless a caesarean section had been performed. GA was based on the women's self-reported last menstrual period. If unknown, and in cases where an ultrasound-based GA calculation deviated 2 weeks or more from the last menstrual period-based GA, the ultrasound-based GA was used.

### Diagnostic criteria, calculation of prevalence, and testing effectiveness {#S0005-S2007-S3001}

OGTT was performed in fasting, pregnant women with the administration of 75 g glucose diluted in water. Capillary whole blood (CWB) glucose concentration was examined before and 2 hours after the administration of glucose. Measurement of capillary whole blood glucose concentration was performed using a portable Hemocue® Glucose 201+ System (AB, Ängelholm, Sweden). GDM was defined according to the WHO 1999 criteria \[[83](#CIT0083)\]. These criteria were selected because CWG cut-off values were included in contrast to the more recent criteria, which only including venous plasma glucose cut-off values published by International Association of Diabetes and pregnancy Groups \[[101](#CIT0101)\], WHO 2013 \[[204](#CIT0204)\], National Institute of \[[205](#CIT0205)\]. Thus, all women with fasting CWB glucose concentration at or above 6.1mmol/l or a 2 hours CWB glucose concentration at or above 7.8 mmol/l after administration of 75 g glucose where considered having GDM. In 2014, only 2 hour CWB glucose was included. If more than one OGTT had been performed during pregnancy, the highest level of fasting and 2 hour CWB glucose concentration was used.

The prevalence of GDM was calculated as a proportion of women with GDM among women tested as well as among all women included. The testing effectiveness calculated was as the proportion of women meeting the screening criteria that were actually tested.

### Strengths and limitations {#S0005-S2007-S3002}

The major strength in this analysis was that all women who delivered in Nuuk in 2008, and all women who delivered in Greenland 2014, were included. However, limitations were identified as well. Information about all risk factors could not be completed for all women since some of the medical records were not available, presumably due to the archive system used at that time. The perinatal information was recorded on paper that was kept in a manual archive. There were, however, no indications of a systematic bias. Thus, the testing effectiveness estimated was considered representative. Another limitation in the analysis was that the 2008 and 2014 samples were not fully comparable. In 2008, only women who gave birth in Nuuk were including in contrast to all women in Greenland 2014. The proportion of women with an increased risk of adverse birth outcome could be higher in the 2008 sample compared to 2014. Thus, women who gave birth in Nuuk were either Nuuk residents or residents outside Nuuk that had been referred to deliver in Nuuk due to increased risk of adverse birth outcome. This could include severe maternal pre-pregnancy overweight, gestational diabetes, pre-eclampsia, and other factors. This could influence the estimated prevalence of GDM. On the other hand, the larger proportion of women living outside Nuuk in 2014 may also affect the prevalence of GDM, since severe overweight has been reported more frequent among women living outside Nuuk compared to Nuuk citizens \[[21](#CIT0021)\]. In 2014, only 2 hours values of CWB glucose concentrations after OGTT and not fasting CWB glucose concentrations could be included in contrast to the 2008 sample, where both values were included. Thus, the estimated prevalence of GDM in 2014 (only based on elevated 2 hours glucose) was underestimated compared to 2008 (based on either elevated 2 hour glucose or elevated fasting glucose concentrations). Also, the absolute number of women included was relatively low and the estimated prevalence of GDM thereby reported with some statistical uncertainty. Finally, the diagnostic criteria of GDM (WHO 1999) selected in this study influence the prevalence of GDM compared to other international criteria. If instead, the International Association of Diabetes and pregnancy Groups \[[101](#CIT0101)\] cut-off values based on venous plasma glucose concentrations values were used the estimated prevalence would have been different. Thus, including fasting values at or above 5.1mmol/l would have tended to increase the prevalence compared to the 6.1mmol/l used in this study. On the other hand, including 2 hours values at or above 8.5mmol/mol would have decreased the prevalence compared to 7.8mmol/l used in this study. While 2 hours venous and CWB glucose concentrations may be assumed comparable, this is not the case for fasting blood glucose concentrations \[[231](#CIT0231)\]. Thus, fasting and random venous blood glucose concentrations have been reported higher than CWB glucose concentrations. On the other hand, the 2 hours venous blood concentrations after an OGTT have been reported slightly lower than CWB glucose concentrations \[[231](#CIT0231)\]. Thus, the WHO 1999 cut-off values for GDM based on venous plasma was higher for fasting glucose measurements (7.0mmol/l versus 6.1mmol/l) whereas no difference was reported for 2 hour values (7.8mmol/l) \[[83](#CIT0083)\]. This was in accordance with a recent study from India where it was concluded that in settings where venous plasma glucose estimations are not possible (like in Greenland), CWB glucose can be used to test for GDM, using lower 2 hours cut-off value CWB glucose concentrations (7.8mmol/l versus 8.5mmol/l) to maximise the sensitivity \[[232](#CIT0232)\].

In conclusion, it was considered best to use the WHO 1999 diagnostic criteria since they included cut-off values for CBW glucose. Despite some differences in the two samples, the effect on the estimated prevalence of GDM and testing effectiveness was considered of minor significance, making the prevalence and the testing effectiveness comparable in the two samples.

Microvascular complications among Greenlanders and non-Greenlanders with T2D {#S0005-S2008}
----------------------------------------------------------------------------

Microvascular complications among Greenlanders and non-Greenlanders with T2D were studied in Nuuk in 2016 \[[223](#CIT0223)\]. All patients with a permanent address in Nuuk diagnosed with T90 (T2D) according to the International Classification of Primary Care (second Edition) system \[[233](#CIT0233)\] were identified electronically. Patients born in Greenland were considered to be Greenlanders while patients born outside Greenland were considered to be non-Greenlanders.

The information available from the lifestyle table in the EMR was extracted electronically. The information included year of diabetes diagnosis, smoking habits, physical activity, height, weight, blood pressure, home blood pressure, HbA1c and UACR. In addition information about gender and age, medical treatment, and results of screening for microvascular complications was recorded. Only the most recent test result and only tests performed within a 2 year period were included. The duration of the diabetes was calculated as 2016 minus the year of the diagnosis. Patients were categorised as smokers if daily smoking was recorded in the lifestyle table, and physically inactive if less than 5000 steps per day were recorded in the lifestyle table.

The standard guidelines for measuring height and weight were defined as measurements with the patient wearing light clothing but no outerwear nor shoes. However, self-reported height and weight may also have been used in some settings. Home blood pressure measurements based preferably on an average of at least 12 measurements were included. If not available, most recent blood pressure measurements in the medical office performed on sitting patients after 5 min of rest were included. Blood pressure measurements were performed using the automatic blood pressure Easy Rapid device from Pic Solutions \[[234](#CIT0234)\]. Analysis of urine (UACR) was performed on Architecht® 8000T (Abbott Laboratories, Copenhagen, Denmark). Analysis of venous blood for HbA1c was performed on Tosoh G8 HPLC Analyser. The analyses were performed at The Central Laboratory at Queen Ingrid's Hospital.

### Microvascular complications {#S0005-S2008-S3001}

The proportion of patients treated with glucose-lowering drugs (Anatomical Therapeutic Chemical (ATC) codes A10), lipid-lowering drugs (ATC codes C10), and antihypertensive drugs (ATC codes C02-C04 and C07-09) was calculated based on electronically prescriptions in the EMR. Retinal imaging was performed using the Daytona Ultra-Widefield Optos® retinal camera. If any sign of retinopathy was described by the ophthalmologist, retinopathy was considered present. The classification was based on the worst affected eye. Thus, according to the International Diabetes Federation, the preferred test to screen for retinopathy was the non-mydriatic retinal photography using a fundus camera \[[230](#CIT0230)\]. If UACR was 2.5 to 25mg/mmol, patients were categorised with microalbuminuria while patients with UACR at or above 25mg/mmol were categorised with nephropathy in accordance with international guidelines \[[183](#CIT0183),[229](#CIT0229),[230](#CIT0230)\]. If the result of the examination of vibration perception of the feet performed by a chiropodist using a biothesiometer from Rova Company® were 25 mV or above, the patients were categorised with neuropathy. Vibration perception threshold was considered the gold standard for the diagnosis of diabetic peripheral neuropathy \[[235](#CIT0235)\].

### Strengths and limitations {#S0005-S2008-S3002}

The major strength of this analysis was that all patients diagnosed with diabetes were included in the study. Furthermore, microvascular complications were defined and categorised based on internationally accepted methods. However, categorisation with microalbuminuria and nephropathy was only based on the most recent result and not on confirmed values in sterile urine as recommended in clinical practice. This may tend to overestimate the prevalence of microalbuminuria and nephropathy reported in this study. However, most likely the comparison between Greenlanders and non-Greenlanders was not affected since any misclassifications probably were equally distributed in the two groups. Also, not all patients were screened for microvascular complications. It cannot be excluded that the rates of complications differ among patients following the screening program and those that do not. Higher rates may be observed among patients not attending the screening program. However, this less likely affected the comparison since equal screenings rates were observed for Greenlanders and non-Greenlanders. Another limitation in this study was the low number of non-Greenlandic females in the study reflecting the gender imbalance among non-Greenlanders in Nuuk. Two-thirds of the immigrants were males \[[223](#CIT0223)\]. Non-Greenlandic males that have migrated to Greenland may also differ from Greenlandic males in other parameters than could be captured in this study. Thus, some residual confounding could not be excluded.

In conclusion, the prevalence of microvascular complications could be estimated among all patients in Nuuk with T2D using internationally accepted methods. Some residual confounding could not be excluded. Furthermore, not all patients were actually screened for microvascular complication, which may tend to underestimate the prevalence of microvascular complications, but this was not considered to affect the comparison between Greenlanders and non-Greenlanders.

Main results and discussion {#S0006}
===========================

Monitoring of an ongoing national diabetes care programme was feasible in the geographically dispersed population of Greenland. During the last 10 years, the prevalence of diagnosed diabetes and quality of diabetes care in Greenland has been studied and monitored continuously \[[179](#CIT0179),[217](#CIT0217)--[223](#CIT0223)\]. In repetitive cross-sectional studies, it was demonstrated that a model based on initial analysis, innovation, and implementation of new strategies could be used to increase the awareness and detection of diabetes and gestational diabetes. This process was realised by the diabetes group. Furthermore, it was possible to integrate the EMR in the diabetes project from the very beginning. It allowed statistical extractions of data and made the model feasible.

Contact with health care system in Greenland 2010--2011 {#S0006-S2001}
-------------------------------------------------------

A total of 46,802 persons had at least one contact with the primary health care system in the period 1 June 2010 to 31 May 2011 \[[217](#CIT0217)\]. Therefore, 83% (46,802/56,419) of the whole population has been in contact with the primary health care system within a 1 year period. The proportion of females was 90% and higher compared to 76% of males (p \< 0.001). The age and gender-specific proportion of the population that has been in contact with the primary health care system in Greenland is illustrated in [Figure 3](#F0003). 10.1080/22423982.2019.1709257-F0003Figure 3.Percentage of population in Greenland with at least one contact with the health care system in Greenland between 1 June 2010 and 31 May 2011. The figure was based on published data \[[217](#CIT0217)\].

Males between 20 and 50 years old represented the group with the lowest use of primary health care (71--73%). The high proportion of persons in Greenland with annual contact to the health care system in Greenland indicates that public demand of health care services is common, and also that the majority of people in Greenland have access to primary care.

The frequent use of health care services was comparable to levels reported in other Nordic countries with annual contact rates at 85--90% of the whole population \[[51](#CIT0051)--[53](#CIT0053)\]. Also, the more frequent use of health care among females compared to males was a phenomenon observed in the other Nordic countries. It may partly be explained by routine perinatal care, but may also reflect gender-specific health behaviour. Also, the higher prevalence of use among children and older people was as expected. In addition to a high prevalence of airway and middle ear infections among Greenlandic children \[[236](#CIT0236)--[238](#CIT0238)\], children were offered routine health care checks, and they were offered participation in an immunisations programme in Greenland. The higher prevalence of contact among older people most likely reflected the higher prevalence of disease and disabilities in this group \[[21](#CIT0021),[215](#CIT0215)\].

In general, the majority of the population in Greenland had been in contact with the primary health care system. Thereby, a possibility existed to detect new cases of diabetes and other chronic conditions among patients in the primary health setting. Opportunistic case-finding of diabetes in contrast to a population screening programme represented several advantages. Patients contacting the health care voluntarily were assumed to be interested in their own health. Timing is based on the patients' initiative. Furthermore, no evidence of reduced cardiovascular mortality existed using a population-based screening for diabetes \[[239](#CIT0239)\]. Screening programmes were expensive, and effective screening was complicated in the dispersed population throughout all of Greenland. Since 1997, screening for cervical cancer has been offered to adult women in Greenland. Yet, screening rates of around 40--54% have been reported in Greenland and remained much lower than the target rate around 85% \[[240](#CIT0240)\]. On the other hand, middle-aged males representing the group with the lowest use of primary health may be among those with the highest risk of undetected diabetes. Alternative access opportunities to health for this group could be considered. Lifestyle Café, a concept based on a drop-in offering and a patient-centred lifestyle assessment available outside normal clinic opening hours. This concept may represent an effective alternative.

In conclusion, despite the challenge of delivering health care in the geographically widespread population of Greenland, more than 80% of the total population have been in contact with the primary health care within a 1-year period. Thus, opportunistic case-finding among the majority of the population was a possible strategy for reducing the number of undetected cases of diabetes in Greenland, and was chosen for use in the new Greenlandic diabetes initiative.

Diagnostic activity in 2010--12 and 2014--15 {#S0006-S2002}
--------------------------------------------

A total sample of 1008 persons was identified electronically filtering for all adults in Greenland aged 35 years or above born on the first day of a month. Of those, 157 (23 diagnosed with diabetes and 134 without diabetes) were tested with measurement of HbA1 at least once in the 27 month observation period starting from 1 June 2010. The overall estimate of diagnostic activity regarding diabetes 2010--2012 was 15.6% (157/1008) among adults aged 35 or above.

In the second observational period, 1 January 2014 to 31 December 2015, a total of 10,127 persons (6,346 females and 3,781 males) were identified, in whom HbA1c had been measured at Queen Ingrid's Hospital in 2014 or 2015. 18.1% of the whole population has so far been tested at least once within a 2 year period. The age and gender-specific proportion of the population tested is illustrated in [Table 2](#T0002). 10.1080/22423982.2019.1709257-T0002Table 2.Age and gender-specific proportion of total population in Greenland tested with HbA1c during 2014 or 2015. The table was constructed based on formerly published data \[[220](#CIT0220)\].AgeHbA1c test in 2014--2015 %\
(95% CI) (n)YearsTotalMalesFemalesP20--3916.6\
(16.1--17.2)\
(2671)5.5\
(5.1--5.9)\
(459)28.4\
(27.4--29.4)\
(1054)**\<0.001**40--4918.4\
(17.5--19.2)\
(1516)12.0\
(11.0--12.9)\
(538)26.0\
(24.6--27.4)\
(978)**\<0.001**50--5928.6\
(27.7-29-6)\
(2523)22.7\
(21.5--23.9)\
(1103)36.0\
(34.5--37.5)\
(1420)**\<0.001**60--6940.0\
(38.6--41.4)\
(1784)36.3\
(34.5--38.2)\
(941)45.1\
(42.8--47.4)\
(843)**\<0.001**70--7950.1\
(47.9--52.3)\
(1012)51.0\
(48.0--54.1)\
(529)49.2\
(46.1--52.3)\
(483)0.41220--7924.0\
(23.6--24.4)\
(9506)16.8\
(16.3--17.3)\
357032.4\
(31.7--33.0)\
(5936)**\<0.001**[^2]

Females were tested more often than males in all age groups except among the 70--79 year age group, where no difference was observed. The proportion tested increased with age in groups from 16.6% among the youngest (20--39 years old) to 50.1% among the oldest (70--79 years old) for the whole group. The proportion of patients tested (18.1% of the whole population or 24.0% of adults aged 20--79 years) in 2014--2015 was much higher than the 15.6% in 2010--2012 documenting thusly increased diagnostic activity. This may reflect increased awareness of diabetes in the health care system as well as in the general population. In particular, the proportion of females tested was high. This may partly be due to the more frequent use of health care system among females compared to males in Greenland \[[217](#CIT0217)\]. In addition, routine screening with HbA1c in the first trimester among all pregnant women was implemented in the guidelines for gestational diabetes in Greenland in 2014. This may also have contributed to the higher proportion of females tested in the younger age groups. A minor contribution to the increased number of person tested with HbA1c may be a result of more patients being diagnosed with diabetes in 2015 compared to 2010, because these patients were offered an HbA1c test more than once a year.

The introduction of HbA1c as a diagnostic tool in 2010 seems to have affected the diagnostic activity importantly as a supplement to fasting CWB glucose performed with or without OGTT. Thus, HbA1c measurement was much more convenient for the patient, since it can be obtained at any time and requires no overnight fasting period prior to the test \[[46](#CIT0046),[225](#CIT0225)\].

Still, the number of males aged below 60 years old tested with HbA1c was much lower than among females. Consequently, undiagnosed diabetes in this group may be a larger problem than among females. Therefore, new testing strategies need to be considered, targeting this group. Also, testing strategies must be considered, targeting people living in the settlements and people less privileged socio-economically. Observations from the populations surveys indicated that the prevalence of diabetes decreased with urbanisation in Greenland \[[44](#CIT0044)\].

To sum up, the diagnostic activity regarding diabetes has increased within a few years. The introducing of HbA1c as a diagnostic tool together with increased awareness of diabetes were the most obvious reasons for the increased activity observed. However, undiagnosed diabetes remains a problem that needs to be addressed more in depth.

Prevalence of diagnosed diabetes from 2008 to 2017 {#S0006-S2003}
--------------------------------------------------

The prevalence of diagnosed diabetes was estimated in 2008, 2010, 2012, 2014 and 2017 using the diabetes profile in EMR, except for the brief period during and after replacement of the former EMR with a new EMR in 2015 \[[218](#CIT0218),[219](#CIT0219),[221](#CIT0221)\]. The time trend of diagnosed adult diabetes is shown in [Table 3](#T0003). Since the beginning of the diabetes project in 2008, a threefold increase in the prevalence has been measured to be from 1.14% to 3.45% among adults aged 20 or above. In 2017, the prevalence of diabetes was 3.3% among adults aged 20--79. 10.1080/22423982.2019.1709257-T0003Table 3.Prevalence of diagnosed diabetes among adults in Greenland 2008--2017. The table was constructed based on previously published data \[[218](#CIT0218),[219](#CIT0219),[221](#CIT0221)\], and new unpublished data from 2017.Age groups2008\
%, (95% CI), (n/N)2010\
%, (95% CI), (n/N)2012\
%, (95% CI), (n/N)2014\
%, (95% CI), (n/N)2017\
%, (95% CI), (n/N)20 years old or above1.41\
(1.12--1.54)\
(487/34,472\*)1.85\
(1.71--1.98)\
(721/39,008)2.29\
(2.14--2.43)\
(916/40,080)2.66\
(2.51--2.82)\
(1071/40,211)3.45\
(3.27--3.62)\
(1389/40,310)20--79 years oldNA.NA.2.20\
(2.05--2.34)\
(871/39,603)2.53\
(2.38--2.69)\
(1006/39,688)3.32\
(3.15--3.50)\
(1321/39,762)[^3]

[Table 4](#T0004) shows the age and gender-specific prevalence of diabetes among Greenlanders and non-Greenlanders in 2014. The prevalence among adults aged 20--79 was significantly lower among Greenlanders compared to non-Greenlanders, 2.36% versus 3.69% (p \< 0.001). The higher prevalence among non-Greenlanders was a result of higher (p \< 0.001) prevalence among non-Greenlandic males (4.70%) compared to Greenlandic males (2.15%). In contrast, the prevalence among non-Greenlandic females (1.53%) was lower (\<0.001) than among Greenlandic females (2.57%). The prevalence among Greenlandic males (2.15%) was lower than among Greenlandic females 2.57% (p = 0.008). For both males and females the prevalence increased with age group. The highest prevalence was observed in the age group 70--79, 10.62% among Greenlanders and 17.37% among non-Greenlanders. However, the prevalence was based on few patients with an age lower than 40 in all groups. Additionally, the group of female non-Greenlanders only comprised few patients, and the prevalence must be evaluated in this perspective. 10.1080/22423982.2019.1709257-T0004Table 4.Age and gender-specific prevalence of diabetes among Greenlanders and non-Greenlanders in 2014. The table was constructed based on previously published data \[[221](#CIT0221)\]. MalesFemalesAge groupsGreenlanders\
%\
(95%CI), (n/N)Non-Greenlanders\
%\
(95%CI), (n/N)PGreenlanders\
%\
(95%CI), (n/N)Non-Greenlanders\
%\
(95%CI), (n/N)P20--290.12\
(0.01--0.22),\
(5/4170)0.29\
(0.28 to 0.86)\
(1/344)0.4030.10\
(0.00--0.19),\
(4/4066)0.30\
(-0.29 to 0.89)\
(1/331)0.29030--390.30\
(0.10--0.50)\
(9/2998)0.67\
(0.09--1.26)\
(5/743)0.1360.28\
(0.09--0.47)\
(8/2893)0.60\
(-0.08 to 1.27)\
(3/501)0.24140--491.21\
(0.86--1.56)\
(46/3801)2.27\
(1.29--3.25)\
(20/882)**0.016**1.50\
(1.10--1.90)\
(53/3528)1.07\
(0.03--2.11)\
(4/375)0.50450--592.86\
(2.34--3.38)\
(112/3913)5.67\
(4.16--7.19)\
(51/899)**\<0.001**3.71\
(3.09--4.34),\
132/3554)3.26\
(1.27--5.24)\
(10/307)0.68360--696.63\
(5.53--7.73)\
(131/1976)10.48\
(7.99--12.97)\
(61/582)**0.002**7.24\
(6.01--8.48),\
(123/1698)2.47\
(0.08--4.86)\
(4/162)**0.021**70--799.42\
(7.42--11.43)\
(77/817)17.46\
(12.05--22.87)\
(33/189)**\<0.001**11.66\
(9.60--13.71)\
(109/935)16.67\
(1.76--31.58)\
(4/24)0.45280+14.29\
(9.20--19.37)\
(26/182)18.18\
(2.06--34.30)\
(4/22)0.62610.86\
(9.60--14.31)\
(34/313)0\
(0--0)\
(0/6)-20--792.15\
(1.94--2.36)\
(380/17,675)4.70\
(4.01--5.39)\
(171/3639)**\<0.001**2.57\
(2.33--2.81),\
(429/16,674)1.53\
(0.95--2.11)\
(26/1700)**\<0.001**[^4]

The most obvious explanation of the increased prevalence was increased diagnostic activity as mentioned in the previous section. However, a real increase in background incidence may also have contributed, driven by the increasing prevalence of overweight. And, obesity may also have contributed \[[21](#CIT0021)\]. Furthermore, reduced mortality with proper treatment of detected diabetes cases may have influenced the prevalence positively. On the other hand, the recent trend of moving from Greenland to Denmark among older retired persons may affect the prevalence negatively, since the prevalence of diabetes was higher among the elderly \[[224](#CIT0224)\].

The most recent prevalence of diabetes among adults aged 20 or above of 3.45% was in line with the most recent population survey (2014) estimated the prevalence of diabetes \[[21](#CIT0021)\]. Among 537 persons examined with HbA1c in 2014, 6.7% were categorised as having diabetes \[[21](#CIT0021)\]. Of those, 60% were already diagnosed with diabetes corresponding to a prevalence of diagnosed diabetes around 4.0%. However, the prevalence of diagnosed diabetes was much lower than the 9--10% reported in the population surveys where the diagnosis was based on OGTT.

The newly described mutation among Inuit associated with elevated postprandial hyperglycaemia, but not elevated HbA1c may contribute to the proportion of undiagnosed patients. A recent study indicated that up to 30% of patients with this mutation had an increased postprandial hyperglycaemia that may persist undiagnosed if only tested with HbA1c and not OGTT \[[241](#CIT0241)\]. Future research projects have to address this issue including evaluation of complications to this Inuit specific subtype of diabetes. The prevalence of diagnosed diabetes was close to the global average of diagnosed diabetes in 2017, around 4.4% (50% undiagnosed among 8.8% estimated to have diabetes) \[[28](#CIT0028)\], and lower than in countries like USA (6.2%), Canada (5.2%), UK (4.7%), New Zealand (4.6%), and Australia (4.5%) \[[161](#CIT0161)\].

The higher prevalence of diagnosed diabetes among Greenlandic males compared to Greenlandic females may reflect the lower diagnostic activity and the less frequent use of primary health care among males compared to females \[[220](#CIT0220),[242](#CIT0242)\]. Also, a higher prevalence of obesity among Greenlandic females compared to males may contribute to the higher female prevalence \[[21](#CIT0021),[243](#CIT0243)\].

The higher prevalence among non-Greenlanders compared to Greenlanders was in contrast to most observations among Ingenious people around the globe \[[8](#CIT0008),[25](#CIT0025),[27](#CIT0027),[150](#CIT0150),[161](#CIT0161)\]. In general, the prevalence of diabetes among Indigenous people was two to four times higher than in the general population in many countries.

However, Greenlanders differed in some ways from many other indigenous populations in ex-colonial countries. Greenlanders represented the majority of the population in Greenland, self-government existed, and Greenlandic was the official language spoken. This was in contrast to many Indigenous populations that have been marginalised as a minority, and have lost their language and territories \[[23](#CIT0023),[24](#CIT0024)\]. Also, non-Greenlanders in Greenland may differ from other general populations. The majority of the non-Greenlanders were males. Furthermore, they have emigrated, lived as a minority in Greenland, and may have different lifestyles compared to general populations in their homeland. Thus, the interpretation of the higher prevalence observed among non-Greenlanders compared to Greenlanders should be approached with caution.

In conclusion, the prevalence of diagnosed diabetes has been monitored continuously within the last decade. A threefold increase in prevalence has been observed. The prevalence was increasing with age and was higher among Greenlandic females than Greenlandic males. The highest prevalence was observed among non-Greenlandic males. This was in contrast to observations among most Indigenous populations in ex-colonial countries. The comparison should, however, been made with some caution because the non-Greenlanders in Greenland may differ from other general populations.

Quality of diabetes care from 2008 to 2017 {#S0006-S2004}
------------------------------------------

Since 2008, when the diabetes profile was implemented in the EMR, the quality of care has been estimated and monitored on a regular basis. Only temporarily was national monitoring impossible in the period during and after replacement of the former EMR with a new EMR in 2015.

As explained in the method section the baseline quality of care in Greenland was clearly overestimated and not an optimal baseline. However, despite the overestimation of the baseline in 2008, all processing of care indicators increased significantly from 2008 to 2010, during the diabetes project. Data from [Table 5](#T0005) documents improved care. Also, distal outcome indicators for HbA1c improved from 2008 to 2010, and the proportion of patients with systolic blood pressure below 130 mmHg increased from 33% (125/465) to 39% (253/695) (p \< 0.001). On the other hand, the number of patients with LDL cholesterol below 3.5mmol/l decreased from 79% to 60% (p \< 0.008) during this period.10.1080/22423982.2019.1709257-T0005Table 5.Quality of diabetes care 2008--2017. The table was constructed based on previously published data \[[218](#CIT0218),[221](#CIT0221)\], and new unpublished data from 2017.Process Indicator Percentage of patients in whom2008\*^§^\
N = 4652010\*\
N = 6912014\
N = 10712017\
N = 1395P1\
2010\
vs. 2008P2\
2014 vs. 2008P3\
2017\
vs. 2008HbA1c was measured within previous year, (n)81\
(378)93\
(640)87\
(942)85 (95^&^)\
(1186)**\<0.001\<0.001**0.057\
**\<0.001**^&^Blood Pressure was measured within previous year, (n)82\
(384)93\
(645)83\
(888)71 (85^\#^)\
(995)**\<0.001**0.874**\<0.001**\
0.255^\#^LDL was measured within previous year, (n)NA.NA.49\
(520)63\
(882)\-\--LDL was measured within previous 2 years, (n)72\
(336)78\
(541)NA.83\
(1158)**\<0.019**-**\<0.001**Urine was tested for microalbuminuria within previous year, (n)\--45\
(482)46\
(642)\-\--Urine was tested for microalbuminuria within previous 2 years, (n)44\
\[[204](#CIT0204)\]80\
(555)67\
(721)60\
(831)**\<0.001\<0.001\<0.001**Eyes were examined for retinopathy within previous year, (n)\--40\
(432)55\
(765)\-\--Eyes were examined for retinopathy within previous 2 years, (n)45\
\[[208](#CIT0208)\]80\
(554)74\
(791)79\
(1079)**\<0.001\<0.001\<0.001**Proximal Outcome indicators\
Percentage of patients tested HbA1c level \< 53mmol/mol (7.0%)44\
(169/378)57\
(363/640)50\
(468/942)48\
(632/1319^&^)**\<0.001**0.1020.271 HbA1c level \> 75mmol/l (9.0%)20\
(76/378)13\
(85/640)17\
(161/942)17\
(220/1319^&^)**0.004\<0.001\<0.001** LDL cholesterol \<130 mg/l (3.5mmol/l)79\
(265/336)60\
(322/541)71\
(368/520)64\
(743/1158)**\<0.001**\<0.008**\<0.001** Blood pressure \<140/90 mmHgNA.NA.55\
(487/888)65\
(765/1183^\#^)\-\--[^5][^6][^7][^8]

From 2010 to 2014, a decline in all quality of care indicators was observed with LDL control as the only exception ([Table 5](#T0005)). However, the quality of diabetes care including testing for HbAc1, retinopathy and microalbuminuria, and poor regulation of HbA1c was still improved compared to the baseline in 2008. The indicator, LDL control, was the only indicator that increased between 2010 and 2014, 60% versus 71% (p = 0.001).

When measured in 2017, the quality of diabetes care was also improved for most process of care indicators including testing for HbA1c (85% within 1 year or 95% within 2 years), LDL cholesterol (83%), retinopathy (79%), microalbuminuria (60%) compared to 81%, 72%, 45%, and 44% in 2008 ([Table 5](#T0005)). Furthermore, annual testing of LDL cholesterol increased form 49% to 63% (p \< 0.001) from 2014 to 2017.

A non-significant increase in HbA1c control from 44% to 48% (p = .0251) was also observed, whereas the number of patients with poor control (HbA1c at or above 75mmol/mol) decreased significantly from 20% in 2008 to 17% in 2017. Blood pressure control (BP\<140 mmHg) increased significantly from 55% to 65% between 2014 and 2017 (p \< 0.001). On the other hand, the proportion of patients tested with LDL control worsened from 71% to 64% between 2014 and 2017, indicating a need for increased focus on this risk factor.

Despite a threefold increase in the absolute number of patients with diabetes in Greenland within a 10-year observational period, the quality of diabetes in Greenland was improved for most indicators indicating a positive effect of the diabetes initiative taken. The peak performance was observed in 2010, 2 years after the initiatives were initiated. The lower, long-term outcome of quality observed eight and 10 years after the initiative compared to short-term outcome in 2010, is a phenomenon well known from other studies around the world \[[155](#CIT0155)\]. Thus, initial gains in quality of care tended to fade out over time \[[244](#CIT0244),[245](#CIT0245)\]. Long-term monitoring of the effects of quality care initiatives has been suggested to maintain the quality achieved \[[245](#CIT0245),248\]. However, the major organisational changes including extending the diabetes programme to a lifestyle initiative in 2011, reorganising the whole primary health care sector in Greenland from 16 districts into five health care regions in 2013, and changing the national EMR and temporarily making national monitoring of quality impossible have also challenged the aim and possibility of maintaining high quality diabetes care. Thus, room for improvements in the actual quality of diabetes care persists.

The increased percentage of patients achieving HbA1c control (HbA1c \< 53 mmol/l) may partly be explained by optimised treatment. However, increased diagnostic activity and detection of cases with only slightly elevated HbA1c level may have influenced the percentage too.

The increased number of patients tested for LDL cholesterol between 2014 and 2017, may be a result of including blood lipid measurements in the standard lifestyle blood profile requisition.

The increase in blood pressure control (BP below 140/90 mmHg) observed between 2014 and 2017, may be a result of the increased focus on hypertension, simplification of guidelines, home blood pressure measurement, and increased availability of automatic blood pressure measurement devices in Greenland provided by the lifestyle initiative. Thus, home blood pressure measurements were generally 5 mmHg lower than office measurements \[[210](#CIT0210)\].

The 10-year follow-up on quality of care in 2017, in the presented study was quite similar to the long term follow-up (1994--2004) of the Special Diabetes Programme in Alaska \[[73](#CIT0073),[74](#CIT0074)\]. The number of patients diagnosed with diabetes increased from 1,259 to 3,264 (less than 4% with T1D). A threefold increase in the number of patients with diabetes was observed as in Greenland from 2008 to 2017. Quality of diabetes care was evaluated in a subsample among those patients. Annual testing of LDL cholesterol and retinopathy was observed in 85% and 56% in Alaska compared to 63% and 55% in Greenland 2017. In the subsample in Alaska, Hba1c below 53mmol/mol was achieved among 52%, LDL cholesterol below 2.6mmol/l among 51%, and blood pressure below 130/80 mmHg among 37% of patients compared to 48% of patients tested with HbA1c below 53mmol/mol, 64% of patients tested with LDL cholesterol below 3.5mmol/l, and 65% of patients tested with blood pressure below 140/90 mmHg in Greenland in 2017 \[[74](#CIT0074)\]. These are quite similar levels of observed diabetes care quality despite the limitation in comparing different indicators used in the two studies.

The quality of diabetes care observed in the present study could be compared with the quality of care described by OECD indicators in five countries including information about the quality of care among Indigenous people in some of the countries \[[161](#CIT0161)\]. Annual testing of HbA1c at 85% in Greenland can be compared to 65% in Australia, 74% in Canada, 64% in New Zealand (39% among Maori and 99% of Pacific Islanders), 79% in Alaska, USA, and 83% among primary care patients in the UK \[[161](#CIT0161)\]. Annual lipid testing rates in Greenland at 49% (2014) and 63% (2017) were quite low and may reflect that more focus had been placed on establishing statin treatment among patients aged 40 or above rather than testing LDL cholesterol among patients already treated in accordance with the ADA \[[202](#CIT0202)\]. The proportion of T2D patients in Nuuk treated with statins, 57.8%, was higher than the number of patients tested annually in 2014 \[[223](#CIT0223)\]. Annual lipid testing was reported among 50% of primary health care patients in Australia, 64% in New Zealand, 60% among Native Americans and Alaskan Natives, and 81% among primary health care patients in the UK \[[161](#CIT0161)\]. The 2 year screening rate of retinopathy in Greenland, 79%, was quite high compared to 77% in Australia, 70% among Medicare patients in USA, 71% in New Zealand (68% Maori and 66% Pacific Islanders), 68% among patients aged 40 or above in the USA, 49% (annual) among Native Americans and Alaskan Natives, and 61% (annual) in the UK \[[161](#CIT0161)\]. On the other hand, annual screening for nephropathy in Greenland, 46%, was suboptimal and in the lower end of the comparison with 27% in primary health care settings in Australia, 64% in New Zealand (39% among Maori and 99% among Pacific Islanders), 75% of Medicare patients in the USA, 55% among Native Americans and Alaskan Natives, and 83% in the UK. Therefore, an increased focus on screening for nephropathy has to be re-initiated. The decrease in some indicators within this 10 year observational period also illustrated that continued focus -- including monitoring of the quality of diabetes care -- was crucial to maintaining the quality level achieved.

In conclusion, the quality of diabetes care improved from 2008 to 2017, and was comparable to the level reported internationally. The actual quality of care in 2017, was lower than observed in 2010, shortly after the diabetes project was started, underlining the need for continued focus as crucial in maintaining the level of quality achieved. Major organisational changes, including expanding the diabetes project with a new lifestyle initiative, reorganising primary care, and using the new EMR system, were challenges to the diabetes initiative. Although improvements have been achieved, room for improvement still exists for enhancing the present quality of diabetes care. These must be addressed in the future.

Prevalence of gestational diabetes and testing effectiveness between 2008 and 2014 {#S0006-S2005}
----------------------------------------------------------------------------------

In 2008, a total of 233 Greenlandic women were included in the study sample although excluding mothers of twins, and pregnant women without available information or medical record. Sixty-eight per cent (233/342) of all deliveries in Nuuk were included corresponding to 28% (233/829) of all singleton deliveries in Greenland during 2008. In 2014, 727 Greenlandic women were included in the sample corresponding to 92% (727/794) of all singleton deliveries this year. No women were excluded due to pre-pregnant diabetes or use of oral steroids neither in 2008, nor in 2014. No women delivered more than once in each sample.

Basic characteristics of women included in 2008 and 2014, are shown in [Table 6](#T0006). 10.1080/22423982.2019.1709257-T0006Table 6.Basic characteristics of women included in the 2008 and 2014 study of GDM. The table was constructed based on already published data including recalculated data from the 2014 \[[179](#CIT0179),[222](#CIT0222)\]. 2008 N = 233\
Mean (SD)2014 N = 727\
Mean (SD)Maternal age years27 (5.9)26 (5.4)Maternal Height (cm)162 (6.8)162 (6.1)Maternal Weight (kg)68 (15.2)67 (14.8)Pre-pregnant BMI (kg/m^2^)26 (5.5)24.5 (6.9)Parity1.0 (NA)1.2 (1.3)Smoking during pregnancy51% \[118\]55.3% (316/571)\*GA days266269 (36.1)Vaginal deliveryNA93.5 (680/727)Male offspringNA51.4 (374/727)BW g3,462 (687)3,557 (613)Bl cm51 (3.7)51 (3.5)[^9]

Smoking was more frequent (55% vs. 51%) among women in the 2014 sample compared to the 2008 sample (p \< 0.001). Otherwise, no differences were seen between the two samples.

Risk factors, testing effectiveness, and prevalence of GDM are shown in [Table 7](#T0007). The proportion of women with at least one risk factor for GDM (among women with information available for all risk factors) was higher, 50.1% in the 2014 sample, compared to 36.9% in the 2008 sample. The most frequent risk factor present, in around one-third of the cases, was pre-pregnancy BMI at or above 27 kg/m^2^. A significant increase in testing effectiveness was measured from 53% in 2008, to 67% in 2014 (p = 0.028). The testing effectiveness among Nuuk residents in the 2014 sample was much higher, 84% (60/74), than among residents outside of Nuuk 61% (125/204) (p = 0.002). Also, the proportion of women tested was higher in 2014 compared to 2008, 29.6% versus 19.7% (p \< 0.003). In 2008, two cases of GDM were identified compared to 15 in 2014. This corresponded to a prevalence of GDM among all women of 0.9% and 2.1% in 2008 and 2014, respectively, and of 4.3% and 7.0% among tested women in 2008 and 2014, respectively. The increased prevalence was not statistically significant due to the small numbers. However, an increasing trend seems to emerge. No women met the present criteria used in Greenland (2 hour CWB glucose at or above 9.0 mmol/l) in 2008 compared to five women in 2014. 10.1080/22423982.2019.1709257-T0007Table 7.Risk factors, testing effectiveness and prevalence of GDM among women in 2008 and 2014 study. The table was constructed based on already published data including recalculated data from the 2014 \[[179](#CIT0179),[222](#CIT0222)\]. 2008 N = 233 % (n/N)2014 N = 727 % (n/N)P-valueDiabetes in former pregnancy0 (0/233)0.2 (1/566)0.521Family history of diabetes5.2 (12/233)14.1 (80/566)**\<0.001**BMI ≥ 27 kg/m^2^28.8 (67/233)35.3 (196/555)0.075Previous delivery of an infant with BW ≥ 4,500g3.9 (9/233)3.9 (22/563)0.976Glycosuria9.4 (22/233)9.3 (56/603)0.945At least one risk indicator36.9 (86/233)50.1 (278/555)**\<0.001**Test effectiveness53 (46/86)67 (185/278)**0.028**Test effectiveness Nuuk residentsNA.83.8 (60/74)-OGTT performed19.7 (46/233)29.6 (215/727)**0.003**GDM all women0.86 (2/233)2.1 (15/727)0.225GDM among tested women4.3 (2/46)7.0 (15/215)0.512[^10]

As seen, the testing effectiveness has improved significantly from 53% to 67% between 2008 and 2014. The actions taken to increase awareness of GDM among health care professionals were most likely the main reasons for the better outcome, including workshops, GDM guidelines, and education. However, outside Nuuk, the testing effectiveness was only 61% and unacceptably low compared to 84% in Nuuk. Low testing effectiveness and disparity in testing effectiveness have also been observed among other Indigenous populations. As mentioned before, a study from New Zealand demonstrated a relatively low screening rate at 63% of pregnant mothers \[[116](#CIT0116)\]. In addition, much lower (56%) among Maori mothers than (76%) among mothers of European origin \[[116](#CIT0116)\].

A total prevalence of GDM at 0--2% among pregnant women was relatively low and comparable with prevalence in north Europe at around 2--4% and lower than reported in south Europe and among many Indigenous populations and minorities like Native Americans, Asians, Hispanics and African-Americans living in USA and aboriginals in Australia and Maori and Torres Strait Islanders in New Zealand with prevalence 6--8% \[[99](#CIT0099),[109](#CIT0109)\]. However, the prevalence of GDM among tested women was 7.0% and thus moderate to high in a global perspective. Even this prevalence may be underestimated, since no fasting glucose measurements were included in 2014. Surely, the population prevalence was underestimated due to the relatively low screening rates observed outside Nuuk. Furthermore, GDM may also be present among mothers without risk factors. A study from Australia reported a 40% increase in the prevalence of GDM among aboriginals after changing strategy from selective risk factor-based testing to universal testing of all pregnant women \[[115](#CIT0115)\]. The lower testing effectiveness outside Nuuk was understandable, because the only obstetrics department in Greenland was located in Nuuk. Furthermore, the smaller, geographically isolated primary health care centres were challenged in delivering all manner of health care. Lack of specialist and midwives, and a high number of short-term healthcare workers also represented a real hindrance to providing continuity in the prenatal care. Routine, universal testing of all pregnant women in gestational week 24 may represent a more simplistic approach that may be executed more effectively than the present high risk testing model using different testing intervals. Also, the very high cut-off values used in Greenland has to be reconsidered in order to detect cases of GDM that could benefit from lifestyle interventions. However, this decision has to be balanced with the difficulty in using the cumbersome OGTT, the risk of labelling pregnant women as sick, and then taking into consideration both economic and organisational challenges.

The very high prevalence of smoking observed in both samples was alarming and indicated a need to focus more on that issue. The higher prevalence of smoking in 2014 reflects both a higher proportion of smokers among of residents outside Nuuk and a higher proportion of outside Nuuk residents in the 2014 sample compared to the 2008 sample. The prevalence of smokers has consequently been reported higher among inhabitants outside Nuuk compared to Nuuk citizens \[[21](#CIT0021)\].

In conclusion, the prevalence of GDM in Greenland seemed relatively low, but with a tendency to increasing frequency. Testing effectiveness has improved significantly between 2008 and 2014. However, around a third of the Greenlandic women, that should have been tested, were not tested. The testing effectiveness was poorer outside Nuuk and an alternative testing strategy has to be considered to improve testing effectiveness further.

Microvascular complications among Greenlanders and non-Greenlanders with T2D {#S0006-S2006}
----------------------------------------------------------------------------

A total of 393 patients living in Nuuk (295 Greenlanders and 98 non-Greenlanders) had been diagnosed with T2D, and the prevalence of microvascular complications (neuropathy, microalbuminuria/nephropathy and retinopathy) was measured \[[223](#CIT0223)\]. The basic characteristics and prevalence of microvascular complications are shown in [Tables 8](#T0008) and [Table 9](#T0009). 10.1080/22423982.2019.1709257-T0008Table 8.Basic characteristics and proportions of patients with microvascular complications. The table was constructed based on already published data \[[223](#CIT0223)\].VariablesGreenlanders (N = 295)Non-Greenlanders (N = 98)PAll T2D (N = 393)Age (years)61 (11.5)61.3 (9.5)0.96561 (11.0)Duration of diabetes (years)7.1 (6.1)6.5 (5.8)0.4646.9 (6.1)BMI (kg/m^2^)31.8 (6.2)31.0 (5.7)0.34431.6 (6.2)Systolic Blood pressure mmHg136 (17.3)136 (15.1)0.970136 (16.8)Diastolic Blood pressure mmHg81 (9.7)83 (9.0)0.09182 (9.6)HbA1c (mmol/mol)57.4 (17.7)60.3 (17.6)0.18358 (17.7)Daily smoking % (n/N)38.8 (94/242)41.0 (32/78)0.79039.3 (126/320)Physical inactivity % (n/N)29.7 (11/37)32.4 (48/148)0.84531.9 (59/185)Glucose lowering drug % (n/N)62.4 (184/295)63.3 (62/98)0.90563.0 (246/393)Lipid lowering drug % (n/N)57.6 (170/295)58.2 (57/98)\>0.99957.8 (227/393)Antihypertensive drug % (n/N)73.6 (217/295)70.4 (69/98)0.60172.8 (286/393)Microalbuminuria % % (n/N)\
(2.5\< ACR\<25mg/mmol)24.9 (47/189)37.5 (27/72)***0.047***28.4 (74/261)Nefropathy % (n/N) (ACR\>25mg/mmol)7.9 (15/189)5.4 (4/72)0.6047.3 (19/261)Retinopathy % (n/N)7.0 (17/242)21.4 (18/84)***0.001***10.7 (35/326)Neuropathy % (n/N)48.9 (90/184)51.4 (36/70)0.77949.6 (126/254)[^11] 10.1080/22423982.2019.1709257-T0009Table 9.Basic characteristics and proportion of patients with microvascular complications. The table was constructed based on already published data \[[223](#CIT0223)\].VariablesGreenlandersNon-GreenlandersMales\
N = 126Females\
N = 169PMales\
N = 89Females\
N = 9PAge (years)62 (10.9)61 (11.9)0.54362 (9.6)55 (6.8)**0.035**Duration of diabetes (years)6.6 (5.6)7.4 (6.6)0.3086.4 (5.4)7.7 (8.6)0.539BMI (kg/m^2^)31.2 (5.7)32.2 (6.690.21331.2 (5.7)29.4 (6.1)0.396Systolic Blood pressure mmHg136 (16.3)137 (18.0)0.943136(15.3)137(13.9)0.950Diastolic blood pressure mmHg83 (9.6)80 (9.8)0.09083 (9.1)86 (7.7)0.466HbA1c (mmol/mol)57.0 (16.6)57.7(18.5)0.77661 (18.2)57 (8.5)0.518Daily smoking % (n/N)41.7 (43/103)36.7 (51/139)0.42844.3 (31/70)12.5 (1/8)0.131Physical inactivity % (n/N)35.4 (23/65)30.1 (25/83)0.59630.3 (10/33)25.0 (1/4)\>0.999Glucose lowering drug % (n/N)58.7 (74/126)65.1 (110/169)0.27662.9 (56/89)66.7 (6/9)\>0.999Lipid lowering drug % (n/N)57.9 (73/126)57.4 (97/169)\>0.99959.6 (53/89)44.4 (4/9)0.485Antihypertensive drug % (n/N)73.8 (93/126)73.4 (124/169)\>0.99974.2 (66/89)33.3 (3/9)***0.018***Microalbuminuria % (n/N) (2.5\< ACR\<25mg/mmol)29.5 (23/78)21.6 (24/111)0.23539.0 (25/64)25.0 (2/8)0.701Nefropathy % (n/N) (ACR\>25mg/mmol)10.3 (8/78)6.3 (7/111)0.4146.3 (4/64)0 (0/8)\>0.999Retinopathy % (n/N)7.1 (7/98)6.9 (10/144)\>0.99921.1 (16/76)25.0 (2/8)0.678Neuropathy % (n/N)52.5 (42/80)46.2 (48/104)0.45754.7 (35/64)16.7 (1/6)0.102[^12]

The 2 year screening rates for microvascular complications were 85% for retinopathy, 66% for microalbuminuria and 65% for neuropathy.

No difference in screening rates was observed among Greenlanders and non-Greenlanders. No difference in basic variables was observed among Greenlanders and non-Greenlanders. However, the proportion of females was lower, 9% (9/98), among non-Greenlanders than 57% (169/295) among Greenlanders (p \< 0.001). No differences between Greenlandic males and females were observed. However, among non-Greenlanders, only nine were females, and no certain, conclusive comparison with non-Greenlandic males could be made due to the low number of non-Greenlandic females.

Neuropathy was observed among 49.6% of all patients with no differences observed between Greenlanders and non-Greenlanders. Internationally, divergent results have been reported related to ethnicity and neuropathy \[[129](#CIT0129)\]. However, ethnicity was not an internationally accepted risk factor of neuropathy \[[131](#CIT0131)\]. This is in accordance with the results of the present study.

Microalbuminuria was observed less frequently among Greenlanders, 24.9%, compared to 37.5% among non-Greenlanders (p = 0.047). The combined prevalence of microalbuminuria and nephropathy was 35.6% (93/261) with no difference between Greenlanders and non-Greenlanders (p = 0.122). Microalbuminuria was negatively associated (logistic regression) to being Greenlander (β = -0.595, p = 0.044) \[[223](#CIT0223)\]. However, no significance was observed after adjusting for age and gender (β = -0.379, p = 0.252) \[[223](#CIT0223)\].

The prevalence of microalbuminuria at around 24% among Greenlanders in this study was relatively low in a global perspective. On average 39% of 32,208 patients from 33 different countries had microalbuminuria \[[139](#CIT0139)\]. Higher prevalence was observed among some minorities like Asians and Hispanics at around 55%. Yet, a prevalence of microalbuminuria or nephropathy affecting more than a third of all patients in Nuuk underlines the importance of screening for this condition in order to optimise blood pressure and glycaemic control.

Retinopathy was only present in 7.0% among Greenlanders compared to 21.4% among non-Greenlanders (p = 0.001). Retinopathy was negatively associated (logistic regression) to being Greenlander (β = -1.284, p \< 0.001) and positively associated with HbA1c (β = 0.020, p = 0.017) \[[223](#CIT0223)\]. The association to being non-Greenlander remained significant after adjusting for age, gender, HbA1c, and duration of diabetes (β = -1.042, p = 0.026) indicating that Greenlanders may be less prone to retinopathy than non-Greenlanders \[[223](#CIT0223)\]. This conclusion was in line with the first and only prior study of complications among Greenlanders, in which the prevalence of retinopathy was estimated to be 11% compared to 21% among Danes \[[152](#CIT0152)\]. Globally, ethnicity has been established as an independent risk factor of retinopathy \[[123](#CIT0123),[124](#CIT0124),[129](#CIT0129)\]. Greenlandic ethnicity seems to be related to a lower risk of that diabetes-related complication. The documented prevalence of retinopathy was quite low compared to 35--40% observed in Canada, many European countries, Southeast Asia, and Australia \[[124](#CIT0124)--[127](#CIT0127)\]. On the other hand, the prevalence of retinopathy was higher than in countries with a low prevalence (around 5%) like Denmark, Finland and parts of France \[[124](#CIT0124)\]. The observed prevalence of retinopathy among Greenlanders, 7.0%, was also much lower than the 33% reported among the Inuit in Canada \[[168](#CIT0168)\]. However, the low prevalence of retinopathy in Greenland has to be observed carefully in the future, since the duration of diabetes, a solid risk factor of retinopathy, among both Greenlanders and non-Greenlanders was quite low in the present study, on average around 7 years.

In conclusion, despite a relatively short time with diabetes and a mean duration of 7 years, microvascular complications were observed frequently among both Greenlanders and non-Greenlanders. Greenlanders had a remarkably lower prevalence of especially retinopathy than non-Greenlanders -- and may thus be less prone to this complication. No difference was observed in the prevalence of neuropathy and in the combined prevalence of either microalbuminuria or nephropathy among Greenlanders and non-Greenlanders. The common prevalence of microvascular complications in connection with diabetes underlined the need for continued and sustained focus on diabetes care and for increasing the access to screening for complications in Greenland.

Conclusion {#S0007}
==========

Monitoring of an ongoing national diabetes care programme proved feasible in the geographically dispersed population of Greenland. During the last 10 years, the prevalence of diagnosed diabetes and quality of diabetes care in Greenland has been studied and monitored continuously \[[179](#CIT0179),[217](#CIT0217)--[223](#CIT0223)\]. In repetitive cross-sectional studies, it was demonstrated that a model based on analysis, innovation and implementation of new strategies could be used to increase awareness and detection of diabetes and gestational diabetes. The process was realised by the former diabetes group and present lifestyle group. Furthermore, it proved possible to integrate the EMR in the diabetes program from the very beginning. It allowed statistical extractions of data and made the model feasible.

Despite the challenges of delivering health care in the geographically wide spread population of Greenland, more than 80% of the total population was in *contact with the primary health care system* within a calendar year period. Thus, opportunistic case-studying of the majority of the population was a possible strategy in reducing the number of undetected cases of diabetes in Greenland, and was chosen for the new Greenlandic diabetes initiative.

*Diagnostic activity regarding diabetes* increased during two periods from 2010 to 2012 and from 2014 to 2015. Introduction of HbA1c as a supplementary diagnostic tool combined with increased awareness of diabetes were the most obvious reasons for the observed activity increase. However, undiagnosed diabetes remained a problem that needed to be addressed further.

The *prevalence of diagnosed diabetes* was monitored continuously during the last decade. A threefold increase in the number of patients was measured. The prevalence increased with age and was higher among Greenlandic females than among Greenlandic males. The highest prevalence was observed among non-Greenlandic males. This was in contrast to observations from among most Indigenous populations in ex-colonial countries, where the prevalence of diabetes among Indigenous people in general has been reported to be 2--4 times higher than among the non-Indigenous populations. The comparison should, however, be evaluated with caution because the non-Greenlanders in Greenland may in fact differ from other general populations.

The *quality of diabetes care* improved from 2008 to 2017, and was comparable to the level reported internationally. The actual quality of care in 2017, was lower than observed in 2010, shortly after the diabetes project was started underlining the need for continued focus as crucial in maintaining the level of quality already achieved. Major organisational changes, including expanding the diabetes project with a new lifestyle initiative, the establishment of new regional primary care program, and the use of a new EMR system proved to be challenges for the diabetes initiative. Although improvements have been achieved, room for improvement still exists in the present quality of diabetes care. This must be addressed in the near future.

The *prevalence of GDM in Greenland* was relatively low (4--7% of tested women), but with a tendency towards increased levels. Testing effectiveness improved significantly from 53% to 67% between 2008 and 2014. However, around a third of the Greenlandic women that should have been tested were not tested. The testing effectiveness was poorer outside Nuuk, 61% compared to 84%, and an alternative testing strategy has to be considered to improve testing effectiveness in the future on the national level.

Despite relatively short times dealing with diabetes, with a mean duration of 7 years, *microvascular complications* were observed and frequently, among both Greenlanders and non-Greenlanders. Greenlanders had a remarkably lower prevalence of retinopathy than non-Greenlanders and may thus be less prone to this complication. However, the common prevalence of microvascular complications related to diabetes underlines the need for continued and sustained focus on diabetes care in Greenland.

Perspectives {#S0008}
============

In this thesis, it was demonstrated that a new model of diabetes care was feasible in its implementation also in the dispersed population of Greenland based on continuous monitoring and repeated analysis, innovation, and implementations processes. The model was used to increase awareness of diabetes, the prevalence of diagnosed diabetes, the quality of diabetes care, the management of gestational diabetes, and the feasibility of screening for microvascular complications. The integration of a diabetes profile in the former EMR and a lifestyle table in the new EMR were essential additions for improving both clinical management and regional and national monitoring of diabetes and diabetes care.

Diagnostic activity and case-finding have increased substantially after the implementation of HbA1c as a diagnostic tool in 2010. Consequently, the prevalence of diagnosed diabetes has steadily been increasing over the last 10 years. However, undiagnosed diabetes remains a problem and additional strategies need to be considered in the future.

The proportion of middle-aged men that has been tested for diabetes was lower than among females, and strategies may be considered targeting gender and age groups in a specific way. Testing opportunities could be provided in settings outside the traditional health care system including in the workplace, at leisure facilities, and in other settings. Furthermore, using Hba1c as the primary screening tool alone may not be sufficient to reduce the proportion of undiagnosed cases in Greenland. Carriers of the specific Inuit diabetes mutation may stay undiagnosed if tested with HbA1c alone and not with OGTT. This Inuit specific diabetes form must be explored more in the future including the associated risks for complications.

The quality of diabetes care has improved from 2008 to 2010. However, further improvements were still required. For example the proportion of patients with poorly regulated diabetes (Hba1c at or above 75mol/mol) was still high in 2017. More feasibly, access to physicians or nurses with a special interest in diabetes could address this issue rather than relying on visiting, consulting physicians engaged only in short time shifts, which is the present reality in many locations outside of Nuuk. Skype consultation with physicians or nurses in Nuuk offers a possibility that already has been started in a pilot test setting. The implementation of common EMR for all patients in Greenland could be used as a step towards considering all patients based on their addresses rather than dealing only with those solely affiliated to local health care clinics. In this way all patients in Greenland would benefit from high quality primary health care available in a large central primary health care clinic. Furthermore, the model of diabetes care could be extended to many other areas of primary care including both chronic and non-chronic conditions. Potentially, the quality of primary health care in Greenland could improve after such a re-organisation.

The management of gestational diabetes care improved from 2008 to 2014, through the development of organisation of care, clinical guidelines, and information provided to and gleaned from patients. Furthermore, testing effectiveness improved from 53% (2008) to 69% (2014). In Nuuk, a quite acceptable testing effectiveness of 84% was observed, whereas the national performance level was suboptimal, missing in fact approximately one-third of all women that should have been tested. An alternative and a more simple testing strategy may be considered. Testing all pregnant women once in pregnancy at gestational week 24 may be considered as proposed by The International Federation of Gynaecology and Obstetrics. Also, the cut-off values used in Greenland must be reconsidered, because the present cut-off was based on venous plasma values rather than on capillary whole blood glucose concentrations. This would result in an increased prevalence of GDM and an increased need for lifestyle interventions and treatments of new cases. Thus, the decision has to be balanced with the resources available within the health care system. An analysis is needed of the consequences of different strategies and cut-off values. Furthermore, it should be explored whether baseline Hba1c measured early in pregnancy could be used to identify women at risk of GDM in Greenland as observed in some international studies.

The lower prevalence of retinopathy observed among Greenlanders compared to non-Greenlanders in Nuuk should also be confirmed in a larger study including all Greenlanders with diabetes. Other areas that should be explored in upcoming research projects include the prevalence of diagnosed T1D and the quality of diabetes care for this group, including not only quality of care, but possible differences in ethnicity, the presence of monogenic forms of diabetes in Greenland, and the prevalence of macrovascular complications. Furthermore, a study of distal outcome indicators is wished for, i.e. the rate of lower extremity amputation, end-stage renal disease, and cardiovascular death among patients with diabetes. Finally, undetected diabetes among children need to be explored, because children were not included in the former studies of diabetes in Greenland.

In a global perspective, the model used to improve awareness and the quality of diabetes management in Greenland may also be used in other remote settings in the future along with the implementation of electronic medical record systems, which would allow continued monitoring and feasible access to the evaluation of initiatives taken.

Learning points {#S0009}
===============

A health care model based on continued monitoring, analysis, and adjustment of initiatives taken, can be used to improve diabetes care even in the dispersed population of Greenland.A universal electronic medical record system represents a possibility to facilitate diabetes care in the clinical consultation, at regional and national level.A multifaceted initiative targeting the organization, the health care professionals, and the patients can be used to increase diagnostic activity revealing the prevalence of diagnosed diabetes, quality of diabetes care, testing for gestational diabetes and microvascular complications.The Greenland model of diabetes care potentially can improve the health care of other chronic diseases in Greenland and may be useful in other remote settings.

Acknowledgments
===============

This thesis presents the result of cooperation between many people and institutions for more than a decade. I am deeply thankful for the massive support and the willingness to cooperate that I have met everywhere. This thesis could not have been completed without financial support. I am very thankful for the post-doctoral donation from the Greenland Research Council, which made this thesis possible. The initial donation in 2007 from Novo Nordisk A/S, to the health care system in Greenland, started the national diabetes program. This is very praiseworthy.

Additional {#S0010}
==========

A public defence of this doctoral thesis took place at Arhus University at 8 March 2019 and the author received the higher doctoral degree.

Disclosure Statement {#S0011}
====================

No potential conflict of interest was reported by the author.

[^1]: NA. Not available.

[^2]: P-values below 0.05 in bold.

[^3]: \*calculation based on 90% of the population in Greenland. NA = Not Available.

[^4]: P-values below 0.05 in bold.

[^5]: \*Only patients with T2D were included in 2008 and 2010. ^§^90% of Greenland represented in 2008.
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